Water Power 


INTERNATIONAL DEVELOPMENT OF HYDRO-ELECTRIC POWER 
PRICE, 2/6 JANUARY 1959 
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is the largest power statiou in Spain. This 
hydro-electric station is equipped with four 
75,000 kVA a.c. generators, together with 
transformers and switchgear, supplied by 


Metropolitan Vickers. 


mt 


METROPOLITAN -VICKERS ) LEADING ELECTRICAL PROGRESS 


2 ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER, 17 














Equpment for Bradwell 


All the switchgear comprising 

the main 132-kV air-blast circuit-breakers, 

6:°6-kV, 3-3-kV, and 415-volt air-break 

equipment for auxiliary supplies, together & 


with its associated controi apparatus for 


r- 


Bradwell Nuclear Power Station is being 
supplied by Reyrolle who are responsible 
also for, the reactor control-rod heads, 
the fission-products detection equipment, 


and the machining of the graphite blocks. 


Reeyrolle specialists 


in switehgear 





and control-apparatus 


A. Reyrolle & Company Limited * Hebburn + County Durham * England 
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- its large and largest water power en 
alternators. The numerous small i tte a ee 


water power generating plants in a 
every part of the globe cre but Aggy ig 


further evidence of the advanced 


state of AEG engineering Practice. gee ee 








Here is a small generating 
set installed in Central 
America to feed additional 
power into anurban system. 
AEG Alternator 

523 kVA output, at 400 V 
A.C., direct-coupled to a 


eee Francis turbine 


- 
A E G Agents in all large cities of the world 























Agent for Great Britain: 
WELMEC CORP. LTD. 
147, Strand 


ELECTRICITY london W.C.2 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 
Berlin (West) EXPORT DEPARTMENT Frankfurt (Main) 


7940e 
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POWE 


Created by Bernini in the 17th century, 
this lithe sculpture of David stands in the 
Galleria della Villa Borghese, Rome, a 
gleaming tribute in bronze to the 


sculptor’s conception of power. 


In our modern world, power — 
electrical power—is the great motivator 
of our industries, the light and warmth 
of our homes. And wherever electricity 
comes from, wherever it goes, Henley 
cables carry it surely and safely. No 
manufacturer has more experience 
in the design and manufacture of 
supertension cables up to 132 kV. 


David, by Bernini. 
In the Galleria della Villa Borghese, Rome. 











33kV 3-CORE SCREENED S.L. TYPE CABLE 





POWER CABLES by 


W. T. HENLEY'S TELEGRAPH WORKS CO. LTD : 








51-53 HATTON GARDEN - LONDON E.C.I + Tel: CHAncery 6822 
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South Africa’s Vaal-Dam is the largest man-made reservoir in the 
Southern Hemisphere. 

Situated about 60 miles south of Johannesburg, the Vaal-Dam is almost 
half a mile wide. Its height was recently increased to a towering 180 feet. 
Rheinstahl UNION Bréckenbau AG. (formerly Dortmunder UNION 
Briickenbau-AG.) designed and manufactured the 78 spillway and 
emergency gates and supervised their installation into the dam. 


BRUCKENBAU AG. 


RHEINSTAHL UNION BRUCKENBAU AG - DORTMUND/WEST GERMANY 
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PIAVE — BOITE — VAJONT 
HYDRO-ELECTRIC SCHEME 
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CUPOLA DAM 
BUILDING & CIVIL MAX. HEIGHT 873 ft. 


ENGINEERING CONTRACTORS : CREST LENGTH 623 f 
& CONSULTANTS : CONCRETING OF DAM PLUG 
7, VIA ALBRICCI— MILANO — ITALY NOVEMBER 195: 
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South Africa’s Vaal-Dam is the largest man-made reservoir in the 
Southern Hemisphere. 

Situated about 60 miles south of Johannesburg, the Vaa!-Dam is almost 
half a mile wide. Its height was recently increased to a towering 180 feet. 


Rheinstah] UNION Brickenbau AG. (formerly Dortmunder UNION 
Brickenbau-AG.) designed and manufactured the 78 spillway and 
emergency gates and supervised their installation into the dam. 


RHEINS TAH LU 


BRUCKENBAU AG. 


RHEINSTAHL UNION BRUCKENBAU AG - DORTMUND/WEST GERMANY 
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PIAVE — BOITE - VAJONT 
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CUPOLA DAM 
BUILDING & CIVIL int MAX. HEIGHT 873 ft. 


ENGINEERING CONTRACTORS , CREST LENGTH 623 f 
& CONSULTANTS . CONCRETING OF DAM PLU¢ 


7, VIA ALBRICCI — MILANO — ITALY NOVEMBER 195: 

















The last stage in the erection of the third Francis 
turbine for the Swedish power station Ramsele, 
belonging to the Krangede AB, Stockholm, is now 
being completed. The other two turbines were 
put into service this summer. With the installation 
of this third unit, Ramsele Power Plant will be 
completed and will then have a guaranteed out- 
put of 206,490 h.p. at a net head of 243 ft. and 
187 r.p.m. The runners are made of stainless steel 
cast in one piece. 





~Num-_ ) Nett} | 
Client Plant ber of | Total head 

| | output ft. 

| Saltos del Sil S.A., Madrid,| San 362 338 Fourth unit in 

Spain Esteban 362,508 service 1957 





| Harrsele AB, Stockholm, a 264.210 173 s |i eeelen 2008 


Sweden 


| 


A. Johnson & Co. (Canada) : be aie 
Ltd., Montreal, Canada | Willson | co |) eS lee 








under 
construction 


| Stora Kopparbergs Bergslags ne ; fy % — , 
| AB, Falun, Sweden Trangslet 280,000 





| AB Mdlnbacka-Trysil-H6l- | under 
|jes Kraftverk, Forshaga,| Héljes 182,800 | construction 
| Sweden 

| Swedish State Power Board, : ).170 yrder 
| Stockholm, Sweden Stalon 150, 3 ates 





ANISKA WERKSTAD 


») — SWEDEN 


REPRESENTA JOHNSON & CO. (CA NADA) LTD., 607 SHELL TOWER BUILDING, MONTREAL 2 











Apparatus Department 


CANADIAN SEnNERAL -ELRECTRES 





COMPANY 


FINE 
C.G.E. 
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CRAFTSMANSHIP 


| mass production methods have invaded 

nearly every manufacturing process. Still, there re- 
main a few types of equipment which can only be 
produced individually and by years of practised 
skill and craftsmanship. Giant hydro-electric 
generators are such equipment. 

Sixty years ago, Canadian General Electric pro- 
duced its first hydro-electric generator. That gener- 
ator is still operating. Since its installation, hun- 
dreds of others have.been delivered to power projects 
all over Canada as well as to many other parts of 
the world. 

Today, this sixty-year-old skill in producing G-E 
Hydro-electric Generators is unparalleled . . . is 
known and respected the world over. For this 
reason, domestic orders alone have exceeded 
10,000,000 KVA. 


LIMITED 


A highly trained mind 
and the commonest 
of computors start 
the design... 


The abstract expression 
of the b!ueprint becomes 


reality... 


Each dimension is 
checked then re- 
checked before 
assembly ... 


Finally, the last de- 
tails are handled 
with the same 
“patient skill. 


wor 


A reputation is preserved . . . a craft advanced. 


Canada depends upon the skill and craftsman- 
ship of C-G-E generator builders. Without them, 
Canadians could not and would not enjoy such an 
abundance of low-cost electric power. 

When you need electric equipment, small or 
large, consult Canadian General Electric. Whether 
it weighs 50 ounces or the 50 tons of the massive 
generator main bracket shown at left, the companv 
that believes in and encourages craftsmanship in all 
things will make it for you . . . better. 


Apparatus Department 
Canadian General Electric Company Limited 
Peterdcrough, Ont. 


GENERAL ELECTRIC 


GENERATORS 





1959 


Water Turbines 
of all sizes for 
Kaplan, Francis 
and Pelton types 
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Engineering Works 
Theodore Bell & Co. Ltd. 
Kriens-Lucerne 
Switzerland 











M-AsRNi 
HYDRAULIC STRUCTURES 


Drum weirs, as gates which can hydraulically be 
controlied, are suitable for operation entirely 
independent of mechanical or electric driving 
mechanisms and need no special attendance. On 
account of their special design and reliable automatic 
control they afford highest possible safety in 
operation and protection against irregularities of 
the regimen of water. 












1345 


MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) 


REPRESENTATIVES IN ALL COUNTRIES 
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Aqueducts 


Pipe aqueducts totalling 5 miles in length and up to 60” in diameter have 
been laid by The Mitchell Construction Company on the St. Fillans section 
of the North of Scotland Hydro-Electric Board’s Breadalbane Scheme. 
The aqueducts form part of the main civil engineering contract entrusted 
to the Company. The contract also includes nineteen miles of tunnelling 
in addition to generating stations and numerous intake works. 


CONSULTING ENGINEERS 
Sir M. MacDonald €& Partners 





~ THE MITCHELL CONSTRUCTION COMPANY LTD | 


WHARF WORKS © PETERBOROUGH 





/ MITCHELL \ 





WATER POWER January 1959 
















VIA INTERNATIONAL EN 








CAMARGOS 
ITUTINGA 
SAO MIGUEL 
INFERNO 
FUNIL 
FURNAS 





Six integrated hydroelectric power projects with a 
combined power potential of 1,400,000 kilowatts! That’s the 


scope of a vast engineering project in the heart of the SERVING DESIGN & ENGINEERING NEEDS WORLDWIDE WITH 
Rio Grande basin, state of Minas Gerais, Brazil. Already e Reconnaissance and Surveys 

producing vitally needed power for diversified industrial e Preliminary Analyses and Evaluation 

and commercial needs is Itutinga... Camargos is under e Estimates, Financing Plans and Project Recommendations 


construction . .. economic feasibility studies and e Design Drawings and Construction Specifications 


preliminary design have been completed for the others — e Analysis of Bids and Bid Recommendations 


all engineered by the International Engineering Company. © Detailed Construction Drawings 


e General Engineering Supervision 


e Final Reports and Record Drawings 





=. | Foracomplimentary 
SH | copy of our 16-page illustrated 
} Nisan brochure, write to Dept. 2-1 


INTERNATIONAL ENGINEERING COMPANY, INC. 


74 New Montgomery Street * San Francisco, California, U.S. A. 
A subsidiary of Morrison-Knudsen Company, Inc. 
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Fabricated 


< Platework 


PIPEWORK 

We can supply low pressure Steam, Gas and 
Water Mains and high pressure welded un- 
lined Water Piping. We also specialise in 
bends of large diameter pipes and branch 
pipes of complicated design. 


to 





specitication 


DUCTS 

Ducts of rectangular design for power sta- 
tions or boiler houses, of electrically-welded 
construction in Mild or Special Steels or 
Aluminium Alloy, can also be supplied. They 
are accurately fabricated to suit your exact 
requirements. 


@ Our Fabrication Service is fully described in our 
Brochure ‘‘FABRICATED PLATEWORK”’. Write 


for your copy NOW! 


W. G. ALLEN & SONS (TIPTON) LTD - P.O. BOX 4 - TIPTON - STAFFS. 


Tel : TIPTON 1266 
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G) POST INSULATORS 
for the 
Hirakud Dam project 





S.P.P. Post Insulators were supplied for 
the 132kV. outdoor switchgear on the 
Hirakud Dam Project. 

S.P.P. Post insulators have also been 
used on all the major hydro-electric 
projects in India, including the following:— 


Damodar Valley Corporation 
U.P. Government 

Madras Government 

Mysore Government 
Travancore— 

Cochin Government 

Bombay Grid Scheme 

Jog Falls Scheme 


Machkund Scheme 

North Calcutta Scheme 
Pallivasal Scheme 
Tungabhadra Scheme 

Kunda, Madura, Mettur Dam, 
Moyar, Papanasam and 
many other substations 

on the Madras Grid. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire. Telephone: Stourport 227]. 


Telegrams : Steatain, Stourport 
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Penstock pipelines with a diameter of 12 ft. and wall 
thicknesses up to 1.5 in. in transit from a Mannesmann 
plant to the new pump storage station near Happurg, 
Germany. 


MANNESMANN IN THE SERVICE 
OF POWER INDUSTRY 


Penstock Pipelines of all dimensions are calculated, 
designed, supplied and installed by Mannesmann. 
Decades of experience and careful selection of materials 
have resulted in substantial weight reductions and 


i maximum economy in production. 


MANNESMANN Penstock Pipelines operate in 34 
countries. 


MANNESMANN EXPORT -: DUSSELDORF : GERMANY 


Representatives all over the world 





GLENFIELD 
VALVES 


for Points of Free Discharge 


Glenfield Valves for regulating the flow 
and dissipating the energy of water 
released for scour or compensation 
purposes under free discharge condi- 
tions, include Hollow Jet, Needle and 
Sleeve types; the needle style embody- 
ing Glenfield Jet Dispersers. 

Illustrated is a 72 in. dia. Sleeve Valve 
in operation; and a 72-60 in. dia. 


Needle Vale with Jet Disperser. 


V/ NJ 
Z, 


GLENFIELD & KENNEDY. LIMITED. KILMARNOCK 














Head Office and Works * KILMARNOCK, SCOTLAND | 
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i) 9OO-AU Egupment 


Transformers 








Building and in service: 
Krangede A.B. Sweden 
Two banks of transformers 


each rated 130 MVA; 
13.85/400 kV. 


Electricite de France 
One bank of transformers 
rated 300 MVA; 380 + 
5% /225/10.5 kV. 


Rheinisch-Westfalisches 
Elektrizitatswerk (RWE) 
Germany 
Two single-phase trans- 
formers each rated 660/3 
MVA; 400 / 73 / 231 / v3 
+ 18%/30 kV. 


Kraftwerke Hinterrhein AG. 
Switzerland 
Two banks of transformers 
each rated 400/280/2 
73.5 MVA; 420/201 + 28 
KX B.Valk KX 10.3 kV. 


Electricité de France, Creney Substation Imatran Voima Oy, Finland 
“Alpes-Paris’” 380-kV transmission system. The illustration shows two of Four single - phase trans- 
the three single-phase auto-transformers each rated 300/3 MVA; 380 + formers each rated 420/3 
5% / 225 / 10.5 kV; designed for transport by rail and impulse tested at MVA; 380/238/20 kV. 
1450 kV. 


Switchgear 


Building and in service: 
Kungl. Vattenfallsstyrelsen, 
Sweden 


10 three-pole air-blast circuit- 
breakers 
33 three-pole isolating 
switches 
33 current transformers 
Imatran Voima Oy, Finland 
12 three-pole air-blast circuit- 
breakers 
Rheinisch-Westfalisches 
Elektrizitatswerk (RWE) Germany 
2 three-pole air-biast circuit- 
breakers 
Kraftwerke Hinterrhein AG. 
Switzerland 
2 three-pole air-blast ¢ircuit- 
breakers 


Kemijoki Oy, Helsinki, Finland 
Petajaskoski switching station, 380-kV-air-blast circuit-breakers 
type DCVF 380m 10r 





BROWN, BOVERI & CO., LTD., BADEN (SWITZERLAND) 


| Representatives in most countries 
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BELGIUM CONCO 
FOUR 89 500 HP VERTICAL-SHAFT FRANCIS TURBINES | 


operating at 333 r.p.m. under a 179m. head 


hydraulic turbines 


equipment of large dams and 
hydro-electric power plants 


equipment of irrigation networks 
drilling turbines 

hydraulic couplings 

hydraulic Measuring instruments 


experimental and theoretical 
research and studies 





GRENOBLE PARIS XVIE 
Avenue de Beauvert 8 Rue Bellins 
TELEPHONE 44.55 - 530 TELEPHONE PAS 51.09 
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TURBINE 


NEWPORT NEWS SHIPBUILDING & 





OUTPUT - HP 
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iret 10106) 
m7 401018) 


tv 


DEPARTMENT 
CORPS OF 
e CLARK HILL 
EFFICIENCY tEST 
JNIT No. 5 
TURBINE 
NET HEAD = 


> 

OF THE ima = 
ENGINEERS Ce Le ee | 
POWER PLANT 
BY GIBSON METHOD 

MAY 2,1954 
EFFICIENCY 
i41 FEET 
DRY DOCK CC 





Maximum efficiency of 94.1% 


Reflects advanced practices at Newport News 


THE GRAPH shows performance of a 55,000 horse- 
power turbine, one of seven such units built by New- 
port News for the Clark Hill Power Plant (see photo). 

Shape of the curve is typical ... not exceptional... 
for Newport News turbine performance. Regular, 
uniform, showing no-cut-off at full load, it indicates 
consistent delivery and stable operation. 

And especially, experience in design and model 
testing. 

At Newport News, turbine runners are continually 
being designed and redesigned for improvements in 





Engineers ... Desirable positions available at Newport 
News for Designers and Engineers in many categories. 
Address inquiries to Employment Manager. 

















performance. And often upon receiving a contract for 
turbines, a model setting is built and complete tests 
made. So far, Newport News has filled turbine con- 
tracts with an aggregate rated output in excess of 
7,000,000 horsepower. 


Penstocks, spiral casings, valves, pumps, rack rakes 
and other essentials are also designed and built by 
Newport News. Our illustrated booklet, “WATER 
POWER EQUIPMENT,” will be sent to you upon 
request. 


Shipbuilding and Dry Dock Company 
Newport News, Virginia 
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HIGH HEAD KAPLAN TURBINES 
by VOITH-HEIDENHEIM 


2 Kaplan Turbines: runner dia. 11’ 6”, each rated at 33,800 
hp under 131’ head installed in ROSSHAUPTEN Storage 


Plant on river Lech—Southern Germany. 


(see photo, Voith pamphlet 1330e and article in this issue) 





Under construction: 
2 Kaplan Turbines: each rated at 90,000 hp under 180’ head for 


Centrais Electricas de Minas Gerais S.A., Belo Horizonte, Brazil. 


@ J.M.VOITH GMBH- HEIDENHEIM (BRENZ)- GERMANY 
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Oerlikon supply 


Alternators 
Transformers 
Switchgear 

Electric traction 
equipment 
Rectifiers 

Steam turbines 
Radial blowers 

and compressors 

The picture shows the in- 
sertion cf the segments on 
the stator of the largest 


single-phase alternator of 


50,000 kVA, 163 cps 







































































OTT al Colam tale lial-t-lelale mOveliiley-li\ A Me Alla lols Mol God Wii e4-lal-lale)) 


WATER POWER January 1959 











’ 


J 


Se SI ss me 


<4 
"ty 





Carriers 










The Korean basket maker carries 
his own loads. The countryman of today, 
whatever his trade, uses machinery, 


mostly powered by electricity drawn 





from the country’s grid. 









For all such rural electrification 
schemes AWCO Aluminium 


Conductors are the best investment. 


AWCO Aluminium Conductors 






Lighten Mankind’s Burden everywhere 









ALUMINIUM WIRE & CABLE COMPANY LIMITED 


Britain’s Largest Manufacturers of Aluminium Wire & Conductors 


Head Office & Works: Port Tennant, Swansea, Glamorgan 









Sales Office: 2 St. James’s Square, London, S.W.1 Telephone: TRAfalgar 6441 . 
AP. 
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Bruce Peebles build large and small gen- 
erators, horizontal and vertical types, designed _ 
to individual specifications, and transformers 
up to the largest sizes and highest voltages . 
for hydro-electric power distribution. 


BRUCE 


i oe on Oo 


EDINBURGH 





Bruce Peebles & Co Ltd 


EDINBURGH 
25 MVA 11/132 kV trensformer at St. Fillans power station 
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SOCIETA IDRO ELETTRICA ALTO CHIESE -— MALGA BISSINA DAM 


CONCRETE VOLUME 580,000 CU. YDS. 
CONCRETING STARTED I5th SEPTEMBER, 1955—CONCRETING ENDED 3lst OCTOBER, 1957 
ONE YEAR AHEAD OF THE SCHEDULE 


IMPRESA ING. LODIGIANI §.p.A. 


VIA SENATO 8 — MILANO-ITALY 


CIVIL ENGINEERING CONTRACTORS 


HYDRO-ELECTRIC PROJECTS *+ DAMS + TUNNELS 
ROADS «© PUBLIC WORKS 
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BUILDING 
FOR 


POWER 


Huwood Conveyors are in wide 
use, not only in Britain but 
throughout the world—one of their 
most important applications being 
in the work of dam building for 
hydro-electric schemes. 

They have been chosen because 
they offer the highest degree of 
adaptability to varying sites, the 
utmost reliability, and the mini- 
mum of routine maintenance. 








HUGH co. LTD. 


Justrioa d Export Office 


Head Office 


GATESHEAD )YAL LONDON HOUSE. FINSBURY SQUARE, LONDON, €E.C.2 


rams » Huwood Stock, Lond Telephone : Monarch 3273 (4 lines 


Hue od, Gateshead 
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420,000 volts 
small oil content 
circuil breaker 
lype HPGE 
installed at the 
Genissiat station 
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THE WHOLE OF APPARATUS 


900.000 VOLTS. 


Ateliers de Constructions Electriques de 


DELLE 


DE LA COMPAGNIE GENERALE D’ELECTRICITE 
25. CHEMIN DE CYPRIAN- 


VILLEURBANNE - FRANCE 


UP TO 





the Steel Foundry for Waterturbine Runners 


Francis Runner 
P Turbine «Bersimis» 


supplied to 
sEnglish Electric Company 
‘ of Canada Limited 
feel Grade COR 13.65. 


George Fischer Limited, Schaffhausen, Switzerland Telephone: (053) 56031 / 57031 


Sq 700/4A Telegrams: Geofischer 
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Generators and motors with capacities above 150 kW. 
Single-phase and three-phase transformers for all outputs 
and voltages. Electrical applications in the field of traction. In- 
stallations of pumpless mercury arc rectifiers with rare gas 
filling. High-speed automatic regulators applied to various 
control problems. Welding rods and electric arc welding sets. 


S.A. des Ateliers de Sécheron, Geneva 
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In the face of very keen international competition ASEA was awarded in 1954 by 
the Snowy Mountains Hydro-Electric Authority, Sydney, Australia, the contract for 
luur three-phase generators, each with a rating of 84,210 kVA, 375 r/m, for the T 1 
power-station on the River Tumut. In 1957 this contract was followed by yet another 
for four generators, each rated at 75,700 kVA, 428 r/m, for the T 2 power-station on 
the same river. These power-stations form part of the largest civil-engineering project 
ever to have been carried out in Australia, and the machines are indeed the largest 
water-turbine-driven generators in the Southern Hemisphere. 


ASEA has now delivered or is in the process of manufacturing twenty-eight genera- 
lors with ratings exceeding 75,000 kVA. The average output of these machines is 
almost 94,000 kVA, and the three largest, which each have an output of 150,000 
KVA, are believed to be the biggest in the world at present. 


If you are considering the expansion of your present plants or the construction of new 
power-stations, it is in your interest to consult us. We have the experience, resources 
and delivery capacity to satisfy your requirements. 





Vasteras Sweden 














84,210 


+ 


75,700 
kVA 


| for 
ANUS xelite 


The largest 
water-turbine-driven 
generators 
in the 
Southern 
Hemisphere 





SOUTH AFRICA CHOOSES FERAL CABLE 


The backbone of the South African economy is mining. From the mines of 
the fabulous Rand and other parts of the Southern Transvaal and Northern 
Orange Free State comes nearly half the world’s gold, as well as notable 
quantities of uranium and other metals. Mines take more than three times as 
much powcr from the networks cf the Electrical Supply Commission as either 
manufacturing industry or municipal bulk consumers. Among new goldfields, 
those of the Orange Free State, around Odendaalsrus, alone will yield about 
as much gold as has yet been mined in South Africa. And on the 275,000- 
volt transmission line bringing power to the area from the Highveld thermal 
station, 100 miles away, you will naturally find Feral Cable—reliable 
Swedish ACSR. 


People on the highveld plateau of the Transvaal and Orange Free State enjoy long periods of unin- 
terrupted sunshine. Insufficiency of water for hydro-electric development is however offset by vast 
supplies of easily mined coal which can be used to generate cheap power—as at Highveld, largest 


station in South Africa. 


When planning 
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Turbines 


governors 


penstocks 


valves 


travelling cranes 


eliers de Constructions Mecaniques de Vevey SA 
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Hydraulic rod end trunnion mounted type 
control cylinders. Two for each gate. 


CONTROLLING THE FLOW OF NIAGARA 





The flow of Niagara, one of Canada’s greatest sources of electric power, is 
controlled by Vickers-built submersible gates of the “‘fishbelly” type. 


Working with the M.A.N. Company, a Canadian Vickers associate, who designed 


the 100 ft. wide section welded gates, thirteen gates were supplied along with 
twenty-six servomotors and thirteen pumping sets which were entirely engineered 


by Canadian Vickers. 
These gates are another example of the precise engineering that goes 
into all Vickers-built water control equipment. 


Upstream View of 
gates during erection 
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The illustration shows a 
Horseley - Piggott Pressed 
Steel Tank which was sup- 
plied to the Dearne Valley 
Water Board. 
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The Horseley Group offers a TOU fr— 
wealth of experience and HORSELEY BRIDGE 


extensive facilities to meet the THOMAS PIGGOTT LTD 


most exacting demands of TIPTON * STAFFS 
Constructional, Chemical, Civil, a 7 


Gas and Water Engineering. MECHANS LIMITED 
' GLASGOW 
and Associated Companies 
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ESCHER WYSS 





High-pressure Francis runner for Fionnay Power Station (Switzerland) 


High-pressure Francis turbines in Switzerland 


In operation: Safienplatz Fionnay | In manufacture: Sils Ferrera * 
Max.head 422m. 455 m. Max.head 412m. 520 m 
Output 60000 HP. 63000 HP. Output 88000 HP. 100000 HP. 
Speed 750 r.p.m. 750 r.p.m. Speed 600 r.p.m. 750 r.p.m. 


* in conjunction with 


Escher Wyss Ltd., Zurich/Switzerland nine 





FERRANT] t2axsronmens 
B90) to 1958 


330 kV 
10kV) (3 Phase) 


BRITISH NATIONAL 
DEPTFORD NEW ZEALAND GRID SYSTEM FINLAND KARIBA 


1890 1921 by 4:) 1946 1958 











In the British Electrical Industry, 

Ferranti transformers are always first in the 

field thus satisfying the ever increasing demand 

for electric power. 

The skill of Ferranti engineers over a period of more 
than 65 years has resulted in the award of contracts for 
the supply of transformers of the highest voltage 

and rating for the world’s largest electric 

power projects. 











Specify FERRAN Tl transformers famous throughout the world 
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Gruidae Hendersoniis (HENDERSON'S CRANE) 


Discovered by John M. Henderson in Aberdeen, HENDERSON’S CRANES are 
native to Scotland but are found in great numbers in all parts of the world. 
Easily the finest specimens of a numerous “oem their Kgs . 
characteristics are unimpaired by climatic variations. Rising to great heights, 


for their stamina 
‘gies of strength and are noted 
they perform prodigi they roost wherever he is breaking new ground 


A Re aw en ww a Te oe 


and longevity. Friends to man, 
and render great service by eradicating the common handling bug 


(chaos extremens vulgaris), frequent cause of industrial paralysis. 
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JOHN Mo. HENDERSON & CO. LTp 
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For 30 years Messrs.A. Salvi and Company, Milano, Italy, have specialized in the design and manufacture of complete 
equipment for Overhead Transmission Lines, including Compression Dead End Assemblies and Joints. 

The Works of the Salvi Company are engaged exclusively in the production of high grade fittings for High Voltage 
Transmission Systems, up to and including voltages of 220/380 KV and for all sizes of Copper, A.C.S.R. and 
Aluminium Alloy Conductors. 


SOLE REPRESENTATIVES IN THE UNITED KINGDOM AND THROUGHOUT ALL DOMINION COUNTRIES 
(EXCEPT AUSTRALIA AND NEW ZEALAND) AND BRITISH COLONIES AND PROTECTORATES 


THE ENGLISH SALVI COMPANY LTD., I! Kensington Church St., London, W.8 


Telephones: WEStern 8857 and 4412 Cables: ENSALVICO LONDON 
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HITACHI’S Technology is Serving the 
Industrial Development of the World 












Hitachi technicians recently completed three 40,000 HP horizontal-shaft Pelton 
wheels for the Balu-chang Power Station in Burma, another engineering accomplish- 


ment which confirms the high international standing of Japan’s heavy industries. 


SPECIAL FEATURES: ©@® The runner is made of 13% chrome stainless steel and 
integrally cast in order to ensure long service life. 


® Special consideration has been given in the designing | 
to reduce weight of the unit and floor space require- 
ment. 


® A800 mm dia. rotary valve is used as the inlet valve. 


@ The speed governor is of the cabinet type which adds 
to the exact control of the machine. 


@ The number of nozzles can be changed automatically 
° * 
te. according to load. 





Toryo Japan 
Cable Address: “HITACHY” TOKYO 1-02 
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MACLELLAN STREET 


Telephone: IBROX II4I (6 lines) 





These pictures show several 7 ton Butters 
Derrick cranes in use on the construction of a 
dam in Rhodesia. 

The difficult conditions and terrain often en- 
countered in such work demand a very high 
degree of efficiency in the plant and ability to 
keep going with minimum maintenance. Butters 
Derricks have proved ideal—on dam construc- 
tion all over the world, from New Zealand to 
the North of Scotland, from Iraq to Eire. 
Electric, Steam or Diesel drive can be provided 


in sizes to suit every purpose. 


BUTTERS BROS. & Co. Ltp. 


GLASGOW S.! 
Telegrams: “BUTTERS, GLASGOW” 


LONDON: The Crane Works, Long Lane, Hillingdon, Middlesex 
Telephone: UXBRIDGE 3925 & 2288 


and at BIRMINGHAM and NEWCASTLE 
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Child’s play is man’s work 


A stream flowing along its pebbly course, isto a 
boy a mighty torrent, whose gurgling challenge must be met. > 
“With stones and mud, and many a frantic plugging, a dam is built. 
\In the same spirit man faces the challenge of harnessing nature, and 
spurred by vital purpose it becomes his daily work. We of 
* », Harland Engineering are building hydro-electric plant, pumps, 
““\\ turbines, motors and generators and all manner of plant for the 
“SS. increasing of life’s amenities throughout the world. a 
_— ad 
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THE HARLAND ENGINEERIN’G COMPANY LIMITE ODO 
ALLOA SCOTLAND Phone: ALLOA 390 London & Export Sales Office: 20 PARK STREET, LONDON, W.1I. 
Branches throughout the World 


















WATER POWER January 1959 




















WATER POWER 


A technical journal devoted to the study of 
all aspects of hydro-electric development 





Annually 40 shillings by post. 


Volume 11 Number 1 


CONTENTS FOR JANUARY, 1959 


Editorial: Power and Migratory Fish - 


Editorial Notes” - > é i 


Book Reviews - é i a 


Rosshaupten Power Station—II_ - 
By St-Prof. Dipl. Ing. L. A. Haimerl 


Turbine Efficiency Measurement—I - 


Recent Construction on the Cavado—I_ - 


Reducing Vibrations from Blasting by a Gas Bubble 


Curtain 


By G. Morris 


Bolted Angle Struts - : > 
By M. Gregory, B.E., A.M.L.C.E., A.M.LE. (Aust.) 


Water Power at the Montreal Conference 


Short Articles: Turbo-Pneumatic Concrete Vibrators—A 
Portable Rotary Screw Compressor—Dump Truck with 
Overhung Power Unit - - - 


Abstracts from the World Technical Press 


PUBLISHED BY TOTHILL PRESS LIMITED 
33 Tothill Street, Westminster, London, S.W.1 


Telegrams: Trazette, Parl, London. Telephone: Whitehall 9233 (20 lines) 


Editor: H. STOREY, M.C., B.Sc., M.I.M.E, 
































Single Copies 2s. 6d. 


nN 


wm 


38 


MANCHESTER: Century Insurance Building, St. Peter’s Square. Telephone: Central 7667/8/9 


BIRMINGHAM: 90 Hagley Road, Edgbaston. Telephone: Edgbaston 
NEWCASTLE-ON-TYNE: 21 Mosiey Street. Telephone: 22239 
GLASGOW: ‘139 Bothwell Street. Telephone: Central 4646 


LEEDS: 70 Albion Street. Telephone: 27174 


BRISTOL: 8 Upper Berkeley Place, Clifton. Telephone: Bristol 21930 


2466 








New power for a Dominion from the 


Roxburgh Hydro-Electric Project 


New Zealand’s largest hydro-electrical undertaking, Zealand Co., in association with Conrad Zschokke 
the Roxburgh project, will eventually feed an Ltd., Geneva, and Downer & Co. Ltd., New 
additional 320,000 kilowatts of electricity into the Zealand. 

South Island grid system. The 1,200 ft. Dam, which This is one of many examples where the 
is the largest ever built in the Dominion, was com- experience of the Cubitt Group of Companies is 


pleted far ahead of schedule by Cubitts’ New helping ix: the development of overseas territories. 


CUBITT 


THE CUBITT GROUP OF COMPANIES 
UNITED KINGDOM AND OVERSEAS 


HOLLAND & HANNEN AND CUBITTS (GT. BRITAIN) LTD - ONE QUEEN ANNE’S GATE - LONDON SW! 
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WATER 


POWER 


A technical journal devoted to the study oy 


all aspects of hydro-electric development 


Power and Migratory Fish 


LTHOUGH important, chiefly from a sporting 
ae of view, migratory fish in European rivers 

do not assume the economic significance that 
they do in the rivers of the Pacific coast of North 
America. Here, the high economic value of the varie- 
ties of salmon which swarm up them in the spawning 
season has hitherto prevented certain rivers, notably 
the Fraser, from being developed for power purposes 
altogether. Yet the development of hydro power on 
a river need not necessarily be inimical to fish life. 
That this is so has been amply demonstrated in the 
United States where Mr. Moore, the Director of 
Fisheries, Washington State, has been able to say 
“|. . natural reproduction allows only 10% to 15% 
of fish eggs to survive, whereas the survival figure can 
be increased to 85-90% by artificial methods.” This 
discrepancy is enormous, but when it is considered 
that the successful rearing of fish depends on such fac- 
tors as the volume of the river flow, the temperature 
of the water, the amount of sedimentation, security 
from predatory elements, a satisfactory supply of food 
and suitable currents passing through the gravel beds 
to keep them in a sanitary condition, there is little 
cause for surprise. All these desiderata can be con- 
trolled in a man-made hatchery, but in natural spawn- 
ing grounds are subject to the vagaries of weather and 
other hazards. Thus it is that in certain years there are 
runs of exceptional plenty, while in other years there 
may be an almost famine scarcity. 

The whole position of the Fraser is discussed in a 
paper printed in the October issue of the B.C. 
Professional Engineer and contributed by Val Gwy- 
ther, P.Eng., consulting engineer and a member of 
the Fraser River Multiple Use Committee. In this con- 
tribution, Mr. Gwyther examines American experi- 
ence and argues very convincingly that fish and power 
are not mutually antagonistic and that if suitable pre- 
cautions are taken by the power authorities the erec- 
tion of power plants on the Fraser could easily lead 
to heavier and more regular runs of salmon. 





British Columbia, like many other parts of the 
world, is now a power-hungry country, and although 
there are innumerable sites for hydro development in 
the province, the Fraser River easily provides the 
cheapest source of power, being nearest to the large 
centres of population and having a favourable flow 
and fall. If dams were to be built on it they would 
not only supply power but also serve to increase agri- 
cultural production by providing certain areas with 
irrigation water. Also they would prevent destructive 
floods. 

The Fraser River is a favourite haunt of the sock- 
eye salmon, a singularly interesting species of the sal- 
mon genus and one that is very valuable to the can- 
ning industry. To reduce in any way the population 
of anadromous fish would do incalculable harm to 
a basic industry in British Columbia and the canning 
industry is naturally apprehensive as to the conse- 
quences that a series of power schemes on the Fraser 
might have. Mr. Gwyther considers that these appre- 
hensions are not justified and that, on the contrary, 
the fish resources would stand to benefit from a more 
regulated flow and the application of engineering 
science to the spawning grounds, and the construction 
of intelligently conceived passageways for the ascend- 
ing salmon and the descent of fingerlings to the sea. 
He supports this contention from American experi- 
ence, where a number of different methods are in use 
to preserve and augment ihe fish life on rivers that 
carry large power schemes. 

The steps that need to be taken to assure successful 
incubation and a high percentage of survival in the 
fry stage are now fairly fully established and the big- 
gest problems are concerned with inventing satisfac- 
tory means of getting the small fish downstream with- 
out damage and inducing the adults to enter the fish 
ladders provided for them. Some of the diversion 
methods successfully adopted in America are des- 
cribed by Mr. Gwyther, but he considers that a great 
deal of research work is necessary before an ideal 


An index to WATER Power for 1958 has been prepared, and can be obtained free of charge on application to the publishers 
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solution is found. The main difficulty, of course, is 
to prevent the relatively small downstream migrants 
from passing through the turbines, as in going down 
the penstocks they are submitted to an ever-increasing 
positive pressure which is subject to a sudden reversal 
as soon as the turbines are passed. 

The Fraser River is 850 miles in length and drains 
a mountainous area of some 90,000 sq. miles and has 
an immense power potential. At present the develop- 
ment of power from its waters is prohibited because 
of the fear that the erection of dams and power houses 
might seriously deplete the quantity of fish that make 
use of its spawning grounds. There would be sub- 
stance in these fears if the numbers of fish using 
American rivers had been noticeably reduced after 
the erection of dams, but this is not the case; more- 
over, rivers which were interrupted by natural barriers 
and were therefore inaccessible to migrants have now 
been rendered so by constructing artificial passage- 
ways, thus rendering hitherto barren rivers a new 
source of productivity. This has also been done in 
Scotland. A surprising difficulty arises in the use of 
most types of fish ladder, this being that salmon are 
conservative creatures and it takes them some time 
to get accustomed to changes in the river conditions. 
In Scotland it has been found that a virtually new 
population of fish has to be built up before they 
accept the ladder pathway as a matter of course. This 
factor, together with the high survival yields obtained 
with hatcheries, suggests that whenever a dam is built 
it should be accompanied by suitable means for in- 
creasing a new population of fish as soon as possible. 
Possibly the Borland lift offers the best solution where 
it can be applied, as it is relatively cheap to construct, 
lifts the fish to the higher level without exhaustion, 
is economical in its water demand, and the manner 
of its operation inevitably produces a freshet to en- 
courage the fish to enter. 


Italian Arch-Gravity Dams Built in Stages 


THE first stage of the large Cancano dam is now 
being completed in the upper Valtellina, Lombardy, 
North Italy. The Cancano dam, built by the Azienda 
Elettrica Municipale of Milan, North Italy, is a large 
arch-gravity structure which reaches 135 m. in height 
and contains approximately 500,000 cu. m. of con- 
crete in this first stage. In the second stage, which will 
follow in a few years, the height will be brought to 
170 m. and the concrete volume to about 1,100,000 
cu. m. Thus Cancano dam will be the largest arch- 
gravity structure in Italy. It is located at nearly 2,000 
m. elevation and will form a reservoir of about 250 
million cu. m. capacity. This capacity may be brought 
up to over 300 million cu. m. by further diversions. In 
its lower part the dam slightly overhangs upstream. 
On this lower part which has already been built a 
second portion will be added later. 

Another large arch-gravity dam to be built in suc- 
cessive stages is now under construction at Frera, Val 
Belviso, Lombardy, at approximately 1,500 m. above 
sea level. The work has been undertaken by the 
Societa Acciaierie e Ferriere Lombarde Falck, Milan. 
On completion of the first stage the structure will have 
a height of 70 m. and a thickness of 16 m. at the base 
and 8 m. at the crown. In the second stage a structure 
almost similar to the previous one in thickness will be 
built against its downstream face. In the third stage 
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the height will be brought to 138 m. On completion of 
the final stage the characteristics of the dam will be 
the following: height 138 m.; crest length 315 m.; 
thickness at the crown 5 m.; thickness at the base 
33-70 m.; concrete volume 428,000 cu. m. Special 
attention was given to the design of the horizontal 
joint to separate the two superimposed structures. 

Extensive model tests for both dams were carried 
out at I.S.M.E.S. Laboratory, Bergamo, North Italy. 
This laboratory has conducted model tests for most 
Italian dams built in recent times as well as for some 
foreign structures, including Kurobe IV, Japan. The 
models used for the tests are usually of considerable 
size. For Frera dam in particular, models were pre- 
pared representing either the whole structure, the 
highest cantilever, or the arch which is to bear the 
heaviest hydrostatic load. The scale of the models was 
1: 70. All tests established the good behaviour of the 
proposed structures, which tend to act as monolithic 
structures when under load. 

A vast control programme based on the observa- 
tion of a large number of instruments installed both 
in the interior and on the abutments of both dams is 
envisaged. Particular attention will be given to the 
mutural movements of the two parts that will make 
up the structures in future. Thus the correspondence 
of the analysis and the experimental investigations 
with the actual behaviour of the structure will be 
controlled. 


Hungarian-Czechoslovak Power Stations 
for Danube 


Huncary and Czechoslovakia are to co-operate 
in building large power stations on the 105 mile 
stretch of the Danube between Bratislava and Czecho- 
slovakia and the Nagymaros bend in Hungary. The 
first of these stations will be on the Nagymaros bend. 
Design work begins next year and it is expected that 
building work will be carried out between 1961 and 
1965. The station will serve both countries. 


Lubreoch and Lochay 


THE North of Scotland Hydro-Electric Board have 
brought into operation another two hydro-electric 
power stations—Lubreoch and Glen Lyon and 
Lochay in Glen Lochay near Killin in Perthshire. 

These two stations, which are part of the Killin sec- 
tion of the Breadalbane hydro-electric scheme, will 
have an estimated annual average output of 173 mil- 
lion units of electricity. They both use water regulated 
by the large dam at Lubreoch. This dam, 130 feet high 
and 1,740 feet in length, has raised the water level of 
Loch Lyon into which additional water is brought by 
aqueduct from hill streams in Glen Dochart and Glen 
Lochay. 

The first stage is the Lubreoch power station which 
has a capacity of 4,000 kW and is situated immedi- 
ately downstream from the Lubreoch dam. Water 
from the dam drives the station’s induction generator 
and is then discharged into the River Lyon. 

At Stronuich three miles downstream, there is an- 
other smaller dam which has formed a small new 
loch. From there water is led through a 44 miles long 
tunnel and a pipeline to the Lochay power station 
which is situated below the Falls of Lochay. 
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This power station, with a total capacity of 47,000 
kW, will have two main turbo-alternators of 22,500 
kW each and a 2,000 kW machine. The first of the 
main sets is now working and the other is nearing 
completion. The output of the new stations is fed 
into the Highland Grid at Killin. The main contrac- 
tor for the Lubreoch plant was Bruce Peebles and Co. 
Ltd.; at Lochay, the two main sets were constructed 
by the English Electric Co. Ltd. and the 2,000 kW 
turbine was supplied by Boving and Co. Ltd. The 
electrical and mechanical consulting engineers for both 
stations were Messrs. Merz and McLellan. 


Closure of Kariba Dam 


THE flow of the Zambesi river has been taken past 
the Kariba dam through a diversion tunnel on the 
right bank and four temporary openings through the 
dam on the left bank. The diversion tunnel was closed 
in October 1958 and since then preparations have 
been made for final closure by placing steel grilles 
upstream of the four openings with a concrete slab 
over them. 

The flow has been stopped by placing rockfill in 
front of the grilles; over the rockfill has been placed 
smaller stone, and finally sand and earth have been 
used to form a complete seal. This work proceeded to 
a stage where the structural work was complete and 
filling had been placed in front of two of the open- 
ings; work has been suspended until the flow in the 
river reached the amount agreed upon with the Portu- 
guese Government, that is 17,500 cusecs in the rising 
river. 

The flow has been slowly increasing and reached 
18,300 cusecs at Livingstone on December 1, and is 
still rising at upstream gauging stations. Instructions 
were therefore given by the Federal Power Board 
that final closure would take place at 7 o’clock on the 
morning of December 2, 1958. 

A small compensation water flow will be main- 
tained, increasing next July to 10,000 cusecs, using 
7 ft. diameter openings left in the dam. Although 21 
openings are provided, only as many as are neces- 
sary will be used, and preparations have been made 
for closing them with concrete spheres when the per- 
manent gates and the turbines come into operation. 


World Bank Loan for Austria 


THE Verbundgesellschaft, a government-owned cor- 
poration, is responsible for the co-ordination of the 
electric power industry in Austria. The Corporation 
operates most of Austria’s high-tension transmission 
system and controls the operations of four public 
power generating companies. The Donaukraftwerke, 
the co-borrower of the $25 million World Bank loan, 
is one of these companies and will construct and oper- 
ate the Aschach power project. 

The Verbundgesellschaft and its affiliated com- 
panies, together with other public companies con- 
nected with the Corporation’s transmission system, 
operate about 2:2 million kilowatts of generating 
capacity, or about 80% of all public power in Austria. 
The system is interconnected with the power systems 
of Germany, Switzerland, Yugoslavia and Italy. The 
Austrian power system is particularly important to 
the European system because it thas large reservoirs 
from which water is readily available to generate 
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power at times of peak demand. In addition, substan- 
tial amounts of surplus power from run-of-river 
plants are often exported during the summer months. 
On the other hand, Austria imports thermal power 
during the winter when the water flow of its main 
rivers is low and hydro-electric power production is 
reduced. 

To meet the substantial increase in power require- 
ments in future years, the Verbundgesellschaft and 
its affiliated companies are carrying out a continuing 
construction programme. At the end of 1957, the in- 
stalled capacity of their plants was 1:2 million kW. 
By the end of 1963 they plan to have another 1-1 mil- 
lion kW of new generating capacity and an additional 
540 miles (860 km.) of new transmission lines. Con- 
struction work is far advanced on five of the projects 
included in this programme and these plants should 
be in full operation by the end of 1959. Four of these 
power plants are being partly financed by earlier 
World Bank loans to the Verbundgesellschaft and its 
affiliated companies. Six additional plants will be 
built between 1958 and 1963; the Aschach project is 
one of these and is the largest undertaking in the pro- 
gramme. 

The Aschach project will be a run-of-river hydro- 
electric power plant, located on the Danube, some 
19 miles (30 km.) upstream from the city of Linz. 
The dam structure will be 1,600 ft. (496 m.) long and 
will consist of a weir section, a power house, two 
navigation locks and an operational building. The 
power house will be equipped with generating units 
having a total capacity of 264 MW. A 21-mile (34 
km.) transmission line will be built to connect the 
Aschach plant with the Verbundgesellschaft network. 
Construction is scheduled to begin in January 1959 
and should be completed in December 1963. 

The total cost of the project is estimated at the 
equivalent of $115 million. About $8 miilion of the 
$25 million World Bank loan will pay for imported 
equipment; the remainder will be used for expendi- 
tures incurred in Austria. Orders for the imported 
equipment will be placed after international com- 
petitive bidding. 


John Day Dam 


PRELIMINARY construction work is now in pro- 
gress near the town of Goldendak, Washington, where 
a joint venture of the Morrison-Knudsen Company 
and Le Boeuf-Dougherty Inc. is engaged in building 
a cofferdam for the John Day project. The John Day 
power station is expected to start operating in 1966 
and the first contract for construction of the main 
dam will be awarded in mid-1959. 

The cofferdam will consist of two parallel rockfill 
dikes, extending for about 700 ft. from the banks of 
the Columbia river and connected by a curved 1,132 
ft. long end section composed of 15 circular cells with 
walls of heavy steel piling. Nearly 6,100 tons of sheet 
piling from 60 to 84 ft. in length will be used in the 
construction of these cells, each of which will be 
formed around a circular template and then filled 
with gravel. 

The preliminary civil engineering work commenced 
in July 1958 and is scheduled for completion by next 
June. John Day dam will be the ninth United States 
hydro-electric project on the Columbia river. 








Book Reviews 


Centrali Elettriche (Electric Power Stations). Third 
edition. By Mario Mainardis. Published by Editore 
Ulrico Hoepli, Corso Matteotti 12, Milan 204, Italy. 
1957. 93 in. by 7 in. 799 pp., 363 ff. Price 4,500 lire 
(paper covers). 

This new edition of the treatise by Prof. Mainardis 
was awaited with great interest. The position of the 
author, professor at Bologna University, as the head 
of the powerful Societa Adriatica di Elettricita, and 
his many publications on the design and maintenance 
of power stations were a sufficient guarantee for an 
outstanding textbook. 

The first chapter deals with the usual general in- 
formation on generation of electricity, using some of 
the figures published some years ago by the Economic 
Commission for Europe (ECE, United Nations). On 
page 9 there is an interesting diagram showing how 
Italy foresees the use of nuclear power, from the years 
1965 to 1975. Chapter 2 is on hydro power generally 
and gives a complete description of hydro-power 
developments in Italy. In chapters 3, 4 and 5, pres- 
sure pipelines, gates, valves, and the design of power 
stations, including turbine design, are considered. 
Most of the examples are from Italian power stations 
equipped with Riva and Escher Wyss machines. 
Chapter 5 is one of the most important of the volume 
and the one in which Prof. Mainardis makes full use 
of his expert knowledge of design problems for hydro- 
power stations (see Fig. 92, page 203). 

Chapter 6 deals with thermal power. including, in 
section 54, nuclear stations. The author’s information 
is mainly based on American experience (pages 405 
and 415). Chapter 7 describes heavy electrical equip- 
ment and chapter 8 shows the author’s ability to cope 
with the various problems of stability of power 
generation. Chapters 9-13 deal with the many aspects 
of electrical equipment, cranes, power-house dimen- 
sions, weights of machinery, etc. 

Chapter 14 is entirely devoted to problems of cost. 
Most classical textbooks give a few examples of cost 
calculations, but the author gives here a more detailed 
and extensive analysis of the costs of various types of 
power stations of different capacity. 

This book is a most valuable supplement to classical 
treatises in the English language and can be com- 
mended not only for bringing detailed information on 
Italian designs and developments before the reader, 
but also for the interesting approach to problems of 
design, generation and maintenance by a specialist 
with wide practical experience. 


Uplift in Gravity Dams. By Serge Leliavsky, Ph.D., 
M.I1.C.E., M.Am.Soc.C.E. Published by Constable & 
Co. Ltd., 10 Orange Street, London, W.C.2, 260 pp.., 
151 ft. Price 45s. net. 

Uplift in gravity dams, or the pressure exerted by 
water infiltrating through the material of which the 
dam is made, is still to a certain extent a matter of 
conjecture but experimental measures that have been 
made in dams confirm that uplift pressures are not 
mythical forces but really do exist. The problem of 
uplift has been a controversial subject for nearly a 
century. In this book, the author has assembled and 
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reassessed much of the information contained in 
previous papers written by him and has also included 
quantities of new material based on the results of ex- 
perience and experiment in recent years. After dis- 
cussing the experimental approach and the problems 
which arise in achieving an accurate theoretical com- 
putation of the pressure, Dr. Leliavsky mentions past 
and present structural methods for reducing uplift and 
leakage in dams. The simplest way of reducing the 
effect of uplift is to construct the dam in such a way 
that the less permeable materials form a screen close 
to the upstream face of the dam. A similar effect can 
be obtained by using the “vibrated” type of concrete 
for the screen, the rest of the structure being construc- 
ted of conventional materials. Stone facing has also 
been used to seal the upstream face but despite great 
care and accuracy in dressing the stones and pointing 
the joints, cracks still occur and water subsequently 
percolates through them. There are many other forms 
of screen but perhaps the most successful is the flat, 
reinforced-concrete slab which, because it is more 
flexible than the other methods, adjusts itself to the 
elastic and thermal movements of the structure with- 
out developing internal stresses of high intensity. 

This book represents an important step forward in 
both theoretical and practical thought on the uplift 
problem. Dr. Leliavsky is occasionally mildly intoler- 
ant of what he regards as errors and mistaken beliefs 
that have obtained in the past, but his research, and 
his careful analysis of data and theory from many 
sources, have resulted in an advanced technical work 
of quality and value. 


Compressors and Vacuum Pumps and their Lubrica- 
tion. Published by The Shell Petroleum Co. Ltd.; 
copies available in the United Kingdom from Shell- 
Mex & B.P. Limited, Shell-Mex House, Strand, Lon- 
don, W.C.2, and in other countries from the local 
Shell Company. 

It would be a mistake to regard this publication. 
which contains 225 pages, as other than a thorough- 
going technical treatise on the subject, written by ex- 
perts after years of investigation and research. Nor 
are its interests confined to the compressor field but 
information is given on the application of lubricants 
in general terms. The subject is considered under 
twelve chapter headings, namely, Gases and Liquids. 
Principles of Lubrication, Construction and Contro! 
of Reciprocating Compressors, Application of Lubri- 
cants, Performance and Selection of Cylinder Oils 
Selection of Bearing Lubricants, Air Filtration 
Rotary-Displacement Compressors, Aerodynami 
Compressors and High-Vacuum Equipment; the last 
two sections may be said to show the cloven hoof of 
the publication as they make recommendations of 
“Shell” products for specific applications. This is 
surely only reasonable. The book contains many ex- 
cellent illustrations and is pleasingly bound. 


Recommendation for Commercial-Purity Aluminium 
Busbar Material (Publication 105). International 
Electrotechnical Commission, i rue de Varembé, 
Geneva. Price, Sw. Fr. 1-50. 

This recommendation, which has just been issued, 
prescribes the electrical properties of commercial- 
purity aluminium for busbars regardless of the cross- 
sectional shape of the bus. 
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Fig. 11. Rosshaupten machine hall 


Rosshaupten Power Station 


This article describes the hydraulic features and the electro- 
mechanical equipment of a storage power station in Bavaria 
which has been in operation since the end of 1954 


By St-Prof. Dipl.Ing. L. A. 


PART 


HE two turbines have a number of very interesting 

features and work under a higher head than that 

of any other Kaplan turbine at present operating 
in Germany. Design data (supplied by the manufac- 
turers, J. M. Voith G.m.b.H., Heidenheim) are given 
below:— 

Net head: H=37 m. 

Discharge: Q=75 cu. m. per sec. 

Corresponding effective cutput: N=33,300 h.p. 

Speed: n= 200 r.p.m. 

Runaway speed: Mmax.=525 r.p.m. 

Runner diameter: 3-50 m. 

Hub diameter: 1-75 m. 

Number of blades: z=7 

Weight of runner with oil: 23 tons 

Weight of shaft: 20 tons. 

Specific speed (metric units): n,=400 r.p.m. at 

H=37 m. 

Unit speed: m’;=115 r.p.m. 

Unit discharge: Q’;=1-01 cu. m. per sec. 
The last two values indicate that the machine is a 
typical slow-speed Kaplan turbine. 

When the reservoir is drawn down, the head is re- 

duced to Hmin.= 20 m. but under these conditions the 
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turbine still develops 4,270 h.p. This large variation of 
head between 37 m. and 20 m. was the main reason 
for the choice of a Kaplan turbine. Operational con- 
siderations led to the use of two machines of equal 
size with the same direction of rotation. 


Runner and Shaft 

The large head resulted in a very heavy runner with 
seven blades which overlap to a considerable extent, 
as shown in Fig. 12. The actual blade together with its 
stem is cast in one piece from 13% chrome steel, the 
finished weight being 1,240 kg. At the runaway speed 
the centrifugal force on the blade with its lever and its 
share in the linkage reaches some 420 tons. This force 
is taken up on a thrust ring at the neck of the blade. 
In the case of Kaplan turbines operating under large 
heads it is usually quite difficult to find sufficient space 
within the hub for the blade stems with their large 
bearings and for the relatively heavy operating 
mechanism. Voith have developed a very satisfactory 
solution to this problem by inserting a cranked lever 
between the operating spider and the blade lever. Al- 
though this design increases the number of compon- 
ents in the mechanism slightly, it has the additional 
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advantage that the crank can be used to provide a very 
favourable lever ratio. This leads to a reduction in the 
blade operating forces so that a smaller servomotor 
can be used. 

The entire hub is filled with a comparatively viscous 
oil (30° Engler at 50°C.) which is subject to the static 
pressure as well as the centrifugal forces. As a result 
the pressure within the hub is always somewhat higher 
than outside, thus preventing leakage of water into the 
operating mechanism under all circumstances. Oil 
leakage at the blades is prevented by V-shaped sealing 
rings which can, if necessary, be renewed without dis- 
mantling the blades. 

The hollow turbine shaft is forged in one piece with 
the servomotor cylinder and the runner flange. The 
torque between runner and flange is transmitted by 
three shear bolts spaced at 120°. 


Throat Ring and Draft Tube 

The throat ring, which is concreted into the founda- 
tions, is a stiff welded assembly having a cylindrical 
shape above the runner centre line and a spherical 
shape below it. A short reducing piece forms the tran- 
sition to the draft tube, which has a steel lining up to 
the end of the bend. The straight portion in smooth 
concrete rises slightly and terminates in a rectangular 
outlet 40 sq. m. in area. At the normal tailwater level 
(El. 744-2 m.) there is a negative head of 1-75 m. re- 
ferred to the runner centre line; this low position of 
the runner largely prevents cavitation. 


Guide Vanes, Scrolicase and Turbine Casing 

Each turbine has 24 cast-steel guide vanes of 1,300 
mrn. clear height, arranged in a pitch circle of 4-23 m. 
diameter (Fig. 16). Each guide 
vane is supported in three bronze 
bushes and is operated by an 
adjustable lever acting as a shear- 
ing link in both directions. 

An interesting feature is the use 
of a shifting ring without operat- 
ing linkage, controlled by a so- 
called ring servomotor. This 
design, which was developed by 
Voith after the war specially for 
turbine guide vanes, has found a 
ready acceptance and is used 
today even on the largest turbines, 
for example at Jochenstein and 
Persenbeug power stations on the 
Danube. An important advantage 
of this arrangement is that all 
operating forces are confined to 
the turbine cover, whereas with 
the conventional system the for- 
ces have to be transmitted by the 
wall on which the guide-vane 
servomotor is mounted. Another 
very welcome advantage is that 
the heavy operating linkage can 
be omitted. In Fig. 14 can be seen 
the ring servomotor of one of the 
machines, which consists of two 
cast-steel cylinders arranged dia- 
metrically opposite to each other. 
Each of these curved cylinders is 
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Fig. 12. One of the Voith runners in the shops 





divided in the middle by a wall, thus forming four 
cross-connected spaces which contain the four plun- 
gers. The cylinders rest on the welded turbine cover 
whereas the plungers are connected to the shifting ring 
and move with it. The shifting ring is made from cast 
steel and has a hollow rectangular section to provide 
sufficient rigidity. It is supported by a narrow annular 
bearing face on the turbine cover. The total rotation 
of the shifting ring together with its four ring 
plungers amounts to 184° The energy required tc 
operate the guide vanes is approximately 20,000 m.kg. 
The shifting ring can be locked in its fully closed posi- 
tion by a round bolt which at the same time blocks the 
control of the servomotors. 

The scrollcase together with the stayring forms a 
single welded unit but in view of transport limitations 
it had to be divided into a number of subassemblies 
which are welded together on site. The casing is com- 
pletely embedded in the concrete structure but the 
plating and the stayring were designed without taking 
into account the load supported by the concrete. The 
turbine cover carries on its periphery the guide-vane 
bearings, and also contains the lower guide bearing 
for the turbine shaft, the thrust bearing, and the two 
ring cylinders. The overall diameter of this wholly 
welded assembly is 4°94 m. To meet transport and 
assembly requirements the cover had to be split 
vertically. 


Thrust Bearing and Turbine Guide Bearing 

The thrust bearing contains ten tilting pads of 1,920 
mm. external and 950 mm. internal diameter. It car- 
ries a load of 520 tons, made up of 160 tons for the 
weight of the rotating parts and a hydraulic thrust of 
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Fig. 13. Section through Rosshaupten 


360 tons (Fig. 14). A new feature is the lubrication of 
the thrust bearing, which in this case does not require 
the use of a separate pump. The rotating thrust ring 
has a number of radial holes in a horizontal plane 
which produce a pressure rise in the same way as the 
blade passages of a centrifugal pump, and thereby 
maintain the oil circulation through filter and cooler. 
The pumping action is also assisted by the adhesion of 
the oil to the thrust-ring perimeter. In these self- 
lubricating bearings it is important to ensure that the 
various resistances in the oil circuit are kept as small 
as possible. The oil cooler was therefore arranged in 
the valve chamber as close as possible to the turbine. 

The lower guide bearing of the turbine shaft has 
grease lubrication; its bore is 600 mm. and the bear- 
ing is 810 mm. long. A labyrinth seal is provided at 
= end of the bearing, supplemented by carbon-ring 
seals. 


Upper Alternator Bearing 

As in the case of most modern hydraulic turbines, 
the Rosshaupten machines have only two guide bear- 
ings. The upper guide bearing, which is 650 mm. in 
diameter and 1,000 mm. long, is located immediately 
below the alternator rotor and is supported by a 
welded spider. This bearing also serves to pass the oil 
to the runner servomotor, and two wide circular chan- 
nels for the inflow and outflow are cast into the 
bearing block for this purpose. It is extremely 
important to ensure a satisfactory seal in the alterna- 
tor bearing on the rotor side where the rotating air 
creates a low pressure which might lead to appreciable 
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Station through one of the machines 


oil losses unless special precautions were taken. A sub- 


‘merged seal without packing is used, consisting of a 
rotating external ring filled with oil and a sharp-edged 
stationary inner ring. This arrangement ensures a 
complete seal even when the machine is stationary, 
and thus prevents the escape of oil vapours. 


Runner Servomotor 

The upper end of the turbine shaft contains the run- 
ner servomotor. The outer surface of the servomotor 
cylinder carries the rotor hub (Fig. 15), and the servo- 
motor cover supports the rotor of the exciter. The 
cylinder has a bore of 1,150 mm. and the piston is 
connected to the upper end of the servomotor spindle 
by means of two accurately adjustable nuts with fine 
threads. In the space between the 220 mm. diameter 
spindle and the end of the turbine shaft, which at this 
point is bored out to 320 mm., is a sleeve valve which 
is supported from the bottom of the servomotor piston 
by a specially shaped flange. The sleeve is a close fit 
on the spindle and slides freely within the 320 mm. 
bore of the shaft. Only the bottom end of the sleeve 
is guided at two points where it also forms a seal. The 
operation of the oil control system can be seen from 
Fig. 15. In order to lower the spindle and close the 
runner blades, oil is admitted under pressure to the 
bottom channel of the guide bearing. The oil rises in 
the space between spindle and sleeve, flows out 
through the holes in the piston disc and produces the 
required pressure above the piston. The oil returning 
from the lower chamber of the servomotor flows out 
through the unner channel of the guide bearing. If the 
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spindle has to be raised to open the blades, oil is ad- 
mitted to the upper channel and the pressure then acts 
below the piston. 

An interesting feature of this installation is the 
arrangement of the restoring linkage. It was impos- 
sible to provide sufficient space above the rotor and 
exciter for the various hydraulic and mechanical com- 
ponents required, and the restoring linkage had to be 
arranged below the servomotor. The servomotor 
piston is connected to a flat ring by means of three 
rods arranged at 120° to each other (Fig. 15). The 
vertical movement of this ring is the same as that of 
the piston and is transmitted to the governor through 
a hydraulic follow-up system and a cranked lever and 
linkage. The three thin connecting rods between 
piston and ring pass through the bottom of the servo- 
motor cylinder where they are accurately guided and 
sealed. They are connected to the piston by universal 
joints in order to ensure that the whole system is not 
kinematically overdetermined. Fig. 15 also shows a 
schematic diagram of the hydraulic follow-up system. 
It is based on the principle of hydraulic feed-back as 
commonly used in hydraulic copying machines and 
control mechanisms. 


Governor 

The usual centrifugal pendulum is replaced in this 
installation by a frequency measuring movement 
(Brown-Boveri system) which operates on the Ferraris 
principle. This arrangement provides a direct com- 
parison between system frequency and the frequency 








Fig. 14. One of the completed turbines at regulator- 
ring level, showing the thrust bearing and ring-type 
Servomotors 
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Fig. 15. Arrangement of runner servomotor 


of a permanent-magnet tacho-alternator running in 
synchronism with the main alternator. The electro- 
hydraulic governors for both turbines are located be- 
hind the contro] panels together with the oil reservoirs, 
pumps, air vessels, and the main control valves for the 
runner and guide-vane servomotors. 


Valves 

Each of the turbines is protected by a valve of 4-50 
m. internal diameter mounted at the scrollcase inlet. 
It serves as the main shut-off valve for the turbine and 
separates the scrollcase from the filled penstock when 
the machine is shut down. In addition it acts as an 
emergency shut-off valve in the case of a governor 
failure. The static head is 38 m., but during emergency 
closing the pressure rises to 53 m. The split casing and 
the disc carried by the vertical spindle are both of 
welded construction (Figs. 17 and 18). The adjustable 
bearings are fitted with centrifugally cast bronze 
liners, and a thrust plate carries the full weight of the 
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disc. Above the upper spindle 
bearing is a cast-steel housing 
containing the drive (Fig. 18). The 
seal between disc and casing con- 
sists of a hollow rubber extrusion 
let into a groove in the casing. 
When the disc is closed, water 
under pressure is admitted to the 
inside of this extrusion, thus 
pressing it firmly against the edge 
of the disc and providing a per- 
fect seal. 

The valves are opened by two 
oil servomotors of 560 mm. bore 
which provide the necessary 
torque. The oil supply to the 
servomotors is obtained from an 
air vessel through a_ remotely 
controlled valve and the oil pres- 
sure is 30-35 atm. The full 90° 
rotation of the flap requires an 
opening time of 126 sec. The oil 
cylinders operate only in one 
direction, so that separate provi- 
sion had to be made for the clos- 
ing movement. In view of the ex- 
treme reliability required it was 
decided to employ a conventional 
weight operation system. A 30 
ton weight is suspended from a 
double wire rope and produces 
the required closing toraue on a 
welded quadrant of 1:50 m. 
radius. The weight has _ been 
chosen so that the closing force is 
sufficiently large even when the 


Fig. 17. One of the butterfly valves 
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valve chamber is flooded, as for Fig. 16. Guide-vane assembly in the shops showing the ring servomotors 
example in the case of a pipe which are a feature of Voith’s design 

burst at this point. On_ its 

return stroke the servomotor acts as a dashpot and 
takes up not only the torque due to the falling weight 
but also the hydrodynamic closing moment. The 
normal valve closing time is 62 sec. but this can be 


reduced to 50-60 sec. by reducing the dashpot effect. 

On the upstream side the valve housing is connected 
to the penstock by a dismantling flange which can 
be moved along the penstock; this arrangement 


greatly simplifies the installation 
of the equipment. The two valves 
with their closing weights are 
housed in a separate valve cham- 
ber. 


Alternators 

The two alternators, supplied 
by A.E.G., each generate 24,000 
kW at 6,300 V. The rotor, which 
weighs 105 tons, is of the plate 
type, carried on a spider of 
welded construction, and has a 
diameter of 5-05 m. The rotor is 
ventilated by axial-flow blower 
discs on either side of it, and the 
stator itself is water cooled. Dur- 
ing assembly the spider was first 
shrunk on to the servomotor 
cylinder of the turbine shaft and 
the 30 pole pieces were then fitted. 
Each pole piece is held in the 
rotor lamination stack by a 
double dovetail groove. 








Power-House Crane 

The travelling crane, of 15 m. span, was built by the 
Noell Engineering Works, Wiirzburg. It consists of 
plate girders with low-placed rails for the two travel- 
lers. The main traveller hoists 60 tons at a speed 
of | m. per min. and the auxiliary traveller is designed 
for 12 tons at 3 m. per min. The gauge is 3-38 m. A 
light electric hoisting gear on the crane can be con- 
trolled from the floor. 


Energy Production 
As mentioned in the introduction, Rosshaupten 
forms the first and also the largest stage in the chain 
of BAWAG power stations. The annual energy output 
at Rosshaupten is 168 million kWh. The subsequent 
stages, of which nine are at present in operation, were 
constructed during the years 1941-1950 as submerged 
power stations containing six tubular turbines. Each 
of these stations has a maximum output of 7,200 kW 
and their combined annual production is 345 million 
kWh. In relation to the total energy production of the 
BAWAG (513 million kWh) Rosshaupten must be 
considered as a hydraulic storage plant whereas the 
remaining power stations farther downstream along 
the Lech are run-of-river stations. Both the Rosshaup- 
ten station and the remaining plants are being oper- 
ated at increased peak output in order to produce 
more energy during peak-load periods. This is done 
by retaining during the night a certain part of the 
Lech flow in the reservoir so that during the peak 
hours the turbines can be operated at full power and 
provide their maximum output. A certain ievel fluc- 
tuation at constant normal water level above and be- 
low the dam is available for this purpose. During the 
annual filling and emptying of the storage reservoir 
the additional water is discharged only during peak 
periods. The reservoir is filled during the months 
March—June and drawn down again between Novem- 
ber and March. During the holiday and tourist season 
the reservoir is at its normal level and appears as a 
natural lake which harmonises with the landscape. 

With co-ordinated operation of a series of run-of- 
river power stations, each stage provides short-term 
storage in its own headpond for the run-of-river flow 
during times of low demand, this water passing 
through the turbines during the hours of peak de- 
mand. Using this combination of storage and co- 
ordinated run-of-river operation, the BAWAG has 
succeeded in obtaining from its present installations 
some 53% of the total annual energy output in the 
form of high-value peak-load energy. 

It is intended to construct a balancing reservoir 
of 3-5 million cu. m. useful storage immediately below 
the Rosshaupten plant. In addition, plans are being 
prepared for exploiting the entire hydro-electric poten- 
tial of the River Lech down to Augsburg. If this 
scheme is carried into effect, the BAWAG will achieve 
an annual energy output of some 1,300 million kWh 
from a total of 26 stations. 


REFERENCES 
Construction 
J. Frohnholzer. 
main element in the Lech Scheme.” 
wirtschaft, Nos. 7 and 8, 1953. 
“Rosshaupten Dam and _ Reservoir.” 


“The Rosshaupten Storage Reservoir as the 
Reprint from Die Wasser- 


Hochtief Mitt., 


Special Number, 1954. 

“A Mountain River is being Harnessed. The Construction 
of the Rosshaupten Lech Storage Plant.” 
No. 4, 


V DI-Nachrichten, 
1955. 





10 

























Fig. 18. Servomotor drive for butterfly valve 
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Third BEAMA Publicity Conference. The third 
BEAMA Publicity Conference was held very success- 
fully in London in November, when nearly 200 dele- 
gates attended from BEAMA member-firms. Mr. 
Lewis Hart, publicity consultant to Brush Electrical 
Engineering Co. Ltd., presided. 

The Rt. Hon. Dr. Charles Hill, Chancellor of the 
Duchy of Lancaster, was the Guest of Honour at the 
concluding luncheon. Dr. Hill talked about the in- 
formation services of the many countries which he 
had visited in his recent tour, and then spoke of the 
economic situation in Britain and the need for public- 
ity abroad. The Chancellor paid a special tribute to 
the excellence of the BEAMA exhibit at the Brussels 
World Exhibition and said Britain had enjoyed a very 
real success at Brussels, both on the national and in- 
dustrial side. 

Colonel B. H. Leeson, Director of BEAMA, pro- 
posing a vote of thanks for the inspiring speech Dr. 
Hill had given, emphasised the fact that the engineer- 
ing industry was responsible for over half of Great 
Britain’s exports and that the British Electrical and 
Allied Manufacturing Industry’s export record was 
a particularly fine one. 
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Turbine Efficiency Measurement 


A summary is given of the better-known methods of 
determining turbine efficiency for the benefit of the 
non-specialist engineer 


PART ONE 


LTHOUGH the problems which arise in obtain- 
Aine accurate measurements of flow in closed con- 

duits have created a great deal of interest and 
speculation for many years, some of the methods 
used are better known than others, largely due to the 
fact that each country followed a particular line of 
research when the problem first became one of major 
importance in the early part of this century. It is only 
in recent years that the increased international ex- 
change of technical information has given added im- 
petus to the search for the most satisfactory and accu- 
rate method of determining turbine efficiency. This 
article briefly describes some of the better-known 
methods in common use and it is intended as a guide 
and description for the engineer rather than as a 
discussion of relative merits; it neither purports to 
compare nor to criticise. 


Thermodynamic 
The International Electrotechnical Commission has 
provisionally adopted the thermodynamic method, 
which is a development of the principle of thermo- 
metric measurement first evolved by Poirson in 
France more than 40 years ago. In this method, a 
direct measurement is made of the temperatures at 
the inlet and outlet to the turbine, prior absolute cali- 
bration of the thermometers being necessary, and the 
efficiency can then be expressed for the following two 
conditions: 
(1) Where thermometers are inserted in the pen- 
stock and tailrace and the water temperatures 6, and 
6, are measured either separately or differentially: 
ale JC (6, — 6) 

UI = ( H, 
in which H,, is the net (or effective) total head across 
the turbine, and J and C are, respectively, the mech- 
anical equivalent of heat and specific heat of the fluid. 

(2) Where the water temperature is measured in 
the same way but the sample from the penstock is 
fully expanded to atmospheric pressure before the 
temperature is measured: 

a J Cy. (6, ar 6.) + (Z, -Z,) 

\ HA. (- 8B) + (Z,-Z,) 
in which C,. is the specific heat of the fluid at the 
constant pressure at the outlet test point, H, is the 
total head at the inlet test point, Z, and Z, are the 
datum levels of the test sections and £ is a thermo- 
dynamic coefficient. 

Research on this method continued until, after the 
second world war, Willm and Campmas used the re- 
sults of investigations on the thermodynamic expan- 
sion of water to modify the thermometric method of 
measurement. This modification consists of measur- 
ing the differences in temperature that exist in the 


x 100 per cent. 


x 100 per cent. 
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tailrace water and a point upstream from the turbine, 
not at the turbine inlet but in a throttling calorimeter 
through which a sample of water from the inlet sec- 
tion is diverted in a continuous steady flow. Both 
velocity and pressure are regulated in the calorimeter 
by two valves and the head can be reduced so that 
the temperature of water in the calorimeter is higher 
than that of water at the turbine inlet. The pressure 
can be completely reduced to atmosphere or partially 
reduced so that the upstream and downstream tem- 
peratures are equal, thus simplifying the difficult 
measurement of minute differences in temperature by 
substituting an equivalent reading of the pressure in 
the calorimeter. The total head of water in the calori- 
meter between the two valves, H, ft., can then be 
measured and the total static head can be recorded 
by closing the outer valve to stop the flow through 
the calorimeter. It is then possible to determine the 
efficiency of the turbine at a given load from the 
following: 

: -(% (1 -a@) + (Z, -Z,) 

\H. (1B) + (Z, - Zs) 
where Z, and Z,. are the datum levels at the two test 
points; a and £ are thermodynamic coefficients which 
correct for the variation of specific volume of the 
fluid and change of its internal energy with tempera- 
ture and pressure. 

The thermodynamic method has been applied over 
a number of years in France with very satisfactory 
results (accuracies better than + 1% have been 
claimed) and, as compared with more conventional 
methods, it is simple to operate and the equipment 
is easy to install. However, there are some consider- 
able disadvantages which make it unlikely that it can 
be universally applied under all conditions. For in- 
stance, the corrections in the efficiency equation are 
difficult to apply for turbines operating under very 
high heads because the rate of flow may then be so 
small that the exchange of heat becomes relatively 
large. Similarly, for low-head plant, the difference in 
temperature is extremely small and it may well be 
impossible to obtain thermometers capable of record- 
ing such minute fluctuations. It is also impossible to 
obtain accurate temperature readings if the tailrace 
is common to other machines; some further possible 
causes of error are heat exchange with the exterior, 
aeration of the water, variation of water temperature 
with time and change of state due to cavitation. 

At this stage of its development, and before all the 
advantages and disadvantages of the various methods 
have been evaluated, the thermodynamic process has 
shown itself to be an accurate and easily applied 
system for measuring loss of turbine efficiency 
through excessive wear or imperfect design. 


x 100 per cent. 
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Salt velocity 

The salt velocity method of flow measurement, 
which was first conceived by Allen and Taylor in the 
early 1920's, has been brought to a high degree of 
perfection in recent years and it is now widely used 
for turbine acceptance tests, particularly on the 
American continent. The principle of operation is 
based on the fact that when a soluble chemical, which 
is generally common salt, is added to water, the elec- 
trical conductivity of water in the main flow is in- 
creased. Two pairs of insulated electrodes are inserted 
at given distances downstream from the injection 
point and the rate of flow is computed by measuring 
the time taken for the brine solution to travel from 
one set of electrodes to the other and by calculating 
the volume of water in the main flow between them. 
Alternatively, only one pair of electrodes may be 
used, in which case the volume required is that be- 
tween the injection point itself and the electrodes, and 
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Fig. 1. The thermodynamic method 











the interval is the time between the instant of injec- 
tion and the instant the centre of the conductivity 
curve is obtained. 

At the injection point, the normal procedure is to 
use a mixing plant to prepare the brine solution 
which is then poured into a receiver and pressurised 
by compressed air. The receiver is connected to a 
system of quick-action valves distributed in a cross 
section of the conduit so that the solution can be 
manually and instantaneously injected into the main 
flow by depressing a lever-operated piston in the re- 
ceiver. However, recent research at the Mechanical 
Engineering Research Laboratory has evolved a new 
method of instantaneous injection in which a power 
cartridge is used to produce the pressure required. 
The apparatus is the subject of Patent Applications 
30175/56 and 22948/57 by Young and Wilson, and a 
design for an injection valve of this type is shown 
in Fig. 2. The sequence of operation is as follows: 

Salt solution is contained in 
chamber e, connections c and d 
being carried through the mount- 
ing strut to a breech and a solu- 
tion pump respectively. Detona- 
tion of a cartridge in the breech 
produces a volume of high-pres- 
sure gas which passes through 
connection c to chamber b and 
thence through passages a to 
chamber g. The pressure oper- 
ates on piston fA to open valve n 
and on piston / to drive solution 
out of chamber e. Shortly before 
the end of its travel (which is 
limited by stop f) piston 7 un- 
covers ports in the spindle m, 
allowing gas to flow through 
passage r to chamber j, thus equa- 
lising the pressure on both sides 
of piston h. Spring i then acts to 
return the valve to its seat with a 
force of some 400 Ib. Fresh solu- 
tion is pumped into the chamber 
via connection d, forcing piston / 
back to its starting position, ready 
for the next cycle of operations. 

A cock to release the gas pres- 
sure is provided near the breech 
and there is an isolating cock 
between the valve and the solu- 
tion pump. A bursting disc in the 
breech assembly prevents damage 
should a fault occur in the operat- 
ing cycle. Injection by power 
cartridge is at present only feasible 
on single-valve units and the 
method is therefore not suitable 
for use on large pipes at the pre- 
sent stage although, when further 
research has been completed, it 
will certainly be possibile to design 
a multiple-valve system. One im- 
portant advantage of the method 
is that salt can be iniected into 
pipelines under very high heads 
because the iniecting pressure is 
as high as 3,000 Ib. per sq. in. 
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The turoulence of the main 
stream causes the fairly rapid 
diffusion of any solution injected 
into the pipe so that, after injec- 
tion, there is a finite length of a 
stream travelling with the tiow in \ 
which the electrical conductivity 
is different from that of the main 
stream, and this length increases 
proportionately with distance from 
the injection point. The form of 
conductivity curves obtained is 
shown in Fig. 3 and since, due to 
the turbulent mixing, the traces 
obtained on an oscillograph are 
not identical, it is necessary to 
choose a characteristic point on 
them so that the time taken for 
the passage between the pairs of 9 
electrodes can be accurately com- 
puted. Denoting volume bounded 
by the channel contour and the 
water surface between the two pairs of electrodes by 
v, the time period which elapses between the centre of 
area of the conductivity curves by ¢, and the rate of 


flow by Q, then it has been found that Q=-. 


The salt velocity method is accurate to at least 
and one of the main sources of possible error 
is the measurement of pipe volume between the pairs 
of electrodes, or between the injection point and the 
electrodes where only one set is used. The method is 
not suitable for use on very short lengths of pipe and 
prior chemical analysis may be essential if the main 
flow is brackish. 











- 2% 


Salt dilution 

The salt-dilution or, as it is sometimes known, salt- 
solution method, consists of adding a quantity of a 
suitable chemical solution to the flow and measuring 
the dilution at a convenient point downstream from 
the injection point. As injection must be at a uniform 
rate, some form of constant-flow apparatus is essen- 
tial; this may consist, for example, of a weir tank, 
the inflow to which is controlled by an adjustable 
float-operated valve which maintains a constant water 
level on the upstream side of the weir. The weir tank 
is supplied from a brine storage tank which in its turn 
is fed from a mixing tank in which the brine is pre- 
pared. 

At some distance downstream from the point of in- 
jection, samples of the water are drawn off for analy- 
sis to obtain the salinity, an approximate estimate be- 
ing made of the time required for the mixture of brine 
and water to reach this point. The relative salinity of 
the samples is usually found by titration against a 
silver nitrate solution. The fundamental equation for 
the salt-dilution method is: 

Cc 7 Cy 
Q=4q (‘ ma ) 
where Q is the rate of flow of the fluid to be measured, 
C is the concentration of the chemical in the injected 
solution, c, is the concentration in the sample and c, 
is the concentration of the chemical in the fluid prior 
to the injection of the solution. 

If a chemical is chosen which is not already pre- 

sent in the fluid to be measured, the concentration c, 
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Fig. 2. The injection valve for the salt velocity method 


is zero. Also, in order to use as little added chemical 
as possible, the ratio between concentrated and dilute 
strengths needs to be large. If a sufficiently high ratio 
is used, c, will be negligible in comparison to C in 
the expression (C - c,) and the fundamental equation 
can then be simplified to: 


C 
ae 
1 
where S is the dilution ratio. 
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TIME=t 
Fig. 3. Typical conductivity curves 
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In nearly all cther methods of flow measurement, 
it is necessary to find the cross-sectional area and the 
volume of the conduit or channel, but the salt-dilu- 
tion method involves a measurement of quantity only, 
thus avoiding calculations of veiocity and volume. 
An alternative method of injection is the “gulp” 
method, first described at the beginning of this cen- 
tury by Stromeyer, in which a measured volume of 
brine of known salinity is injected into the flow as 
rapidly as possible and samples are drawn off at a 
convenient downstream station where mixing of the 
brine and the fluid is complete. The samples, taken 
at regular intervals, will first show either zero salinity 
or the salinity of undosed fluid, but the content will 
increase quickly to a maximum and then decrease 
to the original reading. The salinity readings are plot- 
ted on a time basis and the rate of flow is given by: 

C 


where ¢ is the time in minutes. 

The A.S.M.E. Power Test Code 18 specifies that 
sodium chloride should be used in the dosing solu- 
tion and that analysis should be either by chemical 
titration against silver nitrate or by measurement of 

(Continued on page 23) 
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Fig. 1. Canigada substation, with dam and surface buildings in the background 





Recent Construction on the Cavado 


Since we published earlier articles on stations in the 

Cavado basin in northern Portugal, other develop- 

ments have taken place. In this article we describe 

Canicada station, and next month we shall discuss 

the world’s highest rockfill dam at Paradela and the 
extension to Vila Nova station 


PART 


HE pattern of electrification in Portugal was set 

by the Electrification Bill issued in 1944, the main 

purpose of which was to develop the hitherto 
largely untapped water-power resources of the 
country to the best national advantage. To this end 
it was decided to set up a restricted number of limited 
companies, with capital subscribed by the Govern- 
ment, private supply companies, main industrial 
power consumers, and the public, each company being 
charged with the responsibility of developing the 
potentialities of a major catchment. Thus Hidro 
Eléctrica do Zézere was set up in 1945, Hidro 
Eléctrica do Cavado in 1946, and Hidro Eléctrica do 
Douro in 1954. Transmission of the power generated 
by the plants owned by these companies is handled 
by Companhia Nacional de Electricidade, which, by 


Water Power, August 1951, p. 307; ‘‘Vila 
December 1953, p. 465: ‘“‘The Salamonde 
by L. H. Gomes Fernandes, WATER Power, 
and December 1954, p. 449. 


* “The Vila Nova Scheme,’’ 
Nova,’ WaTEeR Pow7r?, 


Hydro-Electric Scheme, 
November 1954, p. 408 
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interconnecting all production systems, acts as a 
national grid. A nationwide load-dispatching organi- 
sation, the Repartidor Nacional de Cargas, formed 
by representatives of the electricity enterprises and 
of the Government, controls, through the Companhia 
Nacional de Electricidade, the pattern of generation 
to ensure that the country’s water resources are 
utilised with the utmost efficiency. 

Other articles yet to be published in this journal 
will describe developments on the Zézere and the 
Douro, and in the present series we propose to deal 
with recent and pending projects engineered by Hidro 
Eléctrica do Cavado. Articles on earlier develop- 
ments in this catchment have already appeared in 
our columns at appropriate times*, and the present 
series is intended to supplement these earlier accounts 
and to bring our information up to date. As a pre- 
liminary, however, it will be useful to outline the 
scheme of development as a whole, so that the newer 
construction can be seen in proper perspective. 
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Fig. 2. Map of the existing and proposed developments in the Cavado basin 


A map of the catchment area 
is given in Fig. 2. The Cavado 
lies between the Lima to the 
north and the Douro to the south, 
rising in the mountains near 
Montalegre and flowing into the 
Atlantic near Esposende. It is 
about 62 km. long, and its main 
tributary, the Rabagao, flows in 
from the south near Vila Nova. 
As is characteristic of Portuguese 
rivers, the flow is heavy during 
the winter months and low in 
the summer. In a year of average 
rainfall the mean annual natural 
flow at Canicada—the lowest 
point controlled—is 30-1 cu. m. 
per sec., the mean monthly win- 
ter flow 52°6 cu. m. per sec. and 
the mean monthly summer flow 
3-7 cu. m. per sec. 

The watercourse consists of a 
series of comparatively gentle 
declivities, suitable for the im- 
pounding of large reservoirs, 
separated by fairly steep slopes, 
where a substantial head can be 
economically created, and these 
topographical features made the 
choice of the most favourable 
locations for dams fairly ob- 
vious. The development was 
planned in five stages, four of 
which have been completed, and 
for the fitth contractor’s propo- 
sals have been requested. 

In the first stage, which was 
brought into service in 1951, an 
arched gravity dam, 97 m. high, 
was thrown across the Rabagao 
at Venda Nova, impounding a 
live storage of 94:8 million cu. 
m., at a level of 700 m., which 
supplied a station at Vila Nova 
situated on the left bank of the 
Cavado just above the conflu- 
ence of the two rivers. Vila 
Nova station has three 30 MVA 
horizontal Pelton sets running on 
Rabagao water under a head of 
414 m. 

The second stage was the con- 
struction of Salamonde dam and 
power station, which was com- 
missioned in 1953. A double- 
curvature thin-arch dam, 75 m. 
high, spans the Cavado down- 
stream of Vila Nova, providing 
a useful storage of 56:8 million 
cu. m. by a level of 280 m. which 
supplies two 25 MVA Francis 
sets in an underground power 
station at a head of 127 m. 

Both of these stages have 
already been described in this 
journal under the references 
already given. 
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In 1955 the third stage, Canigada, was completed. 
It is downstream of Salamonde and forms the lowest 
stage in the general scheme of development. A 
double-curvature arch dam, 76 m. high, provides a 
useful storage of 144-4 million cu. m. at a level of 
162 m., which supplies two 32 MVA Francis sets in 
an underground station under a head of 121 m. We 
shall describe this station later in this article. 

The remaining stages are designed to complete the 
development of the upstream portion of the catch- 
ment. Stage four, now completed and already in 
operation, consists of the construction of a dam at 
Paradela just below the confluence of a right-bank 
tributary, the Pitdes, providing a live storage of 159-4 
million cu. m. which supplies a 60 MVA Francis set 
in Vila Nova power station at a head of 460 m. This 
scheme, which we hope to describe in detail next 
month, is full of technical interest. Paradela dam 
is of the rockfill type, and at 110 m. high is believed 
to be the highest rockfill dam in the world. It has 
been constructed in three stages to enable the gener- 
ating set to be brought into service on a run-of-river 
basis while the dam was still under construction, and 
the spillway arrangements have been designed to fit 
in with these three stages. Two rockfill side embank- 
ments have also been required to seal off the storage 
area. The supply tunnel, which is 10°5 km. long, 
includes a section of steel pipe carried across a valley 
on trestles. Finally, when Vila Nova station was 
built provision was made for the installation of a 
horizontal Pelton set to run on Paradela water, but 
advances in technique have changed the balance of 
choice in favour of a vertical Francis set of larger 
capacity. This has involved a difficult engineering 
feat in deepening the basement of this part of Vila 
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Fig. 3. Canicada dam, cofferdam and intake seen from upstream when nearing completion. The diversion 
tunnel on the left has just been sealed 





Nova station without jeopardising the structure. 

The final stage, which is now the subject of engin- 
eering studies, aims to provide a high-level storage 
of large capacity for pluriennial regulation. It is to 
be known as the Alto Rabagao or Pisdes develop- 
ment and will comprise reservoirs on the Alto 
Rabagao and the Alto Cavado. On the Rabagao it 
is proposed to erect a dam 103 m. high to provide a 
live storage of 776 million cu. m. at an elevation of 
888-8 m. The dam will have a crest length of about 
2 km. and will comprise an arch structure in the main 
valley, probably with buttress-type wings. On the 
Alto Cavado a dam 28 m. high will impound a useful 
storage of 5 million cu. m. at a level of 906 m., and 
the two reservoirs will be connected by a tunnel. The 
Alto Rabagao reservoir will supply an underground 
station of 2 x 40 MVA capacity discharging to Venda 
Nova reservoir, and this station will include equip- 
ment for pumped storage. 

On the basis of the first four stages the annual 
production in a year of average rainfall will be 290 
million kWh, but with the increased storage and 
additional generating capacity afforded by the Pisdes 
scheme, the entire catchment should be capable of 
producing a further 100 million kWh. for summer 
support and 1,100 million kWh. for pluriennial 
support. 


Canicada 

In many respects Canigada station is similar to 
Salamonde, but experience in constructing and oper- 
ating the earlier station led to some important im- 
provements in design. This applies particularly to 
the machine hall, which will be discussed in the 
proper sequence. 
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Fig. 4. Road bridges over Cani¢gada reservoir, before flooding. The old 


bridge can be seen in the valley 


On the other hand, the dam at Canicada (Fig. 3) is 
almost a replica of that at Salamonde. Both are 
double-curvature thin-arch structures standing on a 
rigid concrete base at the centre and bearing on con- 
crete abutments at the sides. In both dams small but- 
tresses have been built to support the upstream over- 
hang of the lower part of the dam when the reservoir 
is empty. In each case the dam is in a gorge of sound 
granite, and the dimensions are very similar; Salamonde 
dam is 75 m. high, has a crest length of 202-3 m., and 
a crest radius of 115 m., whereas the corresponding 
figures for Canicada are 76 m., 1961-1 m. and 105 m. 

Arrangements for handling floodwater are virtually 
identical for both dams. In each case a bottom 
discharge, having a capacity of 110 cu. m. per sec., 
passes through the bottom of the dam at the centre 
and consists of a steel conduit 2:6 m. in diameter. It 
is protected by a coarse reinforced-concrete semi- 
circular grille and is closed at the upstream end by 
a caterpillar gate. At the downstream end the conduit 
terminates in a disperser valve. 

The surface spillway consists of four rectangular 
Openings in the central portion of the crest, controlled 
by Stoney gates. At Salamonde the openings are 10 by 
4:2 m., whereas at Cani¢gada they are 9 by 4:5 m. 
At Canicada the retention level is 162 m., and the 
spillway can discharge 1,700 cu. m. per sec. In all, 
a flood of 2,200 cu. m. per sec. can be controlled. The 
portion of the river bed which receives the impact of 
the spillway discharge is protected by a concrete mat. 

Aggregate for the dam was obtained by crushing 
the spoil from the tailrace tunnel, the granulometry 
being discontinuous and with a marked predomi- 
nance of pieces from 70 to 200 mm. in size. Normal 
Portland cement was employed, the minimum 


proportion in the arch, where the maximum foreseen 
compressive stress reaches 64 kg. per sq. cm., being 
250 kg. per cu. m. 


In the gravity abutments the 
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proportion was reduced to 180 
kg. per cu. m., and where the 
construction permitted, to 150 kg. 
per cu. m. In all, the dam required 
90,000 cu. m. of concrete. 

Preliminary model tests for the 
dam were carried out at the 
National Civil-Engineering Lab- 
oratory, Lisbon, and a compre- 
hensive system of measuring 
devices was incorporated in the 
dam to study its behaviour in 
service. 

Creation of Canicada reservoir 
necessitated the building of two 
large road bridges across the 
flooded area. These bridges, which 
can be seen in Fig. 4 as they 
appeared before the reservoir was 
filled, have reinforced-concrete 
roadways supported by hollow 
pillars of masonry, the walls of 
which are 30 to 40 cm. thick. The 
bridge carrying National Road 
304 is 206 m. long and that carry- 
ing National Road 308-1 is 230 
m. long, the highest pillar being 
58 m. high. 


Intake, Supply Tunnel and Tailrace Tunnel 

A schematic section through the station and 
associated works is given in Fig. 5. 

The intake is situated in the right bank of the 
reservoir close to the dam, and is surmounted by a 
control tower which can be reached from the dam by 
a footbridge. The mouth is protected by a coarse 
reinforced-concrete grille followed by a removable 
fine screen, and is closed by a caterpillar gate. 

The supply tunnel has a diameter ranging from 
4-85 to 3:90 m., and slopes downwards towards the 
underground power house. For the first 141 m. it is 
lined with concrete, after which it assumes a steeper 
slope and is steel lined for the remaining 72 m. 

By adopting an underground form of station in 
conjunction with a tailrace tunnel 74 km. long, it 
has been possible to site the station 50 m. below the 
bed of the river and obtain a head of 121 m. on the 
turbines. A surge chamber is located at the junction 
between the draft tubes and the tailrace tunnel, and 
to assist regulation this tunnel has been kept perma- 
nently drowned by upturning the discharge mouth 
above the level of the tunnel roof. The surge chamber 
is of the restricted-orifice type, and consists of a verti- 
cal shaft from one side of which an upper expansion 
chamber and a tee-shaped lower feed chamber are 
taken off. The chamber has a volume of 11.000 
cu. m. and the shaft is about 50 m. high. 

The tailrace tunnel (Fig. 7) is 6:8 m. in diameter, 
has a section of 38-35 sq. m., and for the most part is 
unlined, but an aggregate length of 800 m. had to be 
lined with either plain or reinforced concrete. 

To drive the tunnel as economically and expediti- 
ously as possible, three shafts were sunk from valleys 
crossing the path of the tunnel, from Cavado (75 m.), 
Friande (88 m.) and Ajude (55 m.), enabling six faces 
to be set off and reducing the longest drive (between 
Cavado and Friande) to 2,720 m. A seventh face 
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Fig. 5. Section through the Canicada development, showing the intake, substation, surface building, access 
shaft, underground power house, surge chamber and tailrace 


Fig. 6. Site plan of the Canicadu development 
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was opened up from a sloping adit near the discharge 
mouth, enabling the entire tunnel except the mouth 
itself to be driven without danger of inundation by 
the river. A construction road was made to connect 
the three shafts and the adit with each other and 
with the main works at Cavado. 

































Machine Hall 

As already mentioned, it is in the machine hall 
that the advance in design of Canigada as compared 
with Salamonde is most apparent. A plan and ele- 
vation of Canigada machine hail are given in Fig. 8, 
and for those who have our December 1954 issue 
available, this illustration may profitably be compared 
with Fig. 13 of the article we published on 
Salamonde. 

At Salamonde the machine-hall excavation is 31 
m. long by 11 m. wide and 31-5 m. high; the hall 
contains two 25 MVA Francis sets placed side by 
side, the assembly bay being provided at one end of 
the hall. A cross gallery traversing the machine hall 
between this assembly bay and the adjacent set com- 
municates on one side with a separate valve chamber 
and on the other with an access shaft, 121 m. deep 
by 7 m. in diameter, communicating with the surface 
buildings. Leading off from the bottom of this access 
shaft is a gallery containing the operating gear for 
the tailrace gates. 

At Cani¢gada the only underground chamber is the 
machine hall (Fig. 9); the turbine valves are located 
in the turbine basement, and instead of tailrace gates 
each turbine is fitted with a horizontal shut-off gate 
Fig. 7. A view inside the tailrace tunnel in the draft tube. Thus a considerable volume of 
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Fig. 8. Plan and sectional elevation of Canigada underground power house 
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excavation has been saved at the expense of making 
the machine hall wide enough to accept the turbine 
valves; the excavation is 18 m. wide, 40 m. long and 
30 m. high. To safeguard the rigidity of the excava- 
tion, the assembly floor is located in the centre of 
the hall with the machines disposed on either side of 
it; the rock below this assembly floor was left un- 
touched, so that, in effect, the walls of the excavation 
are braced by a natural rock strut of immense strength 
rising to exciter-floor level. 

Construction was commenced by excavating and 
concreting the roof arch (Fig. 10). As in certain other 
Portuguese stations, including Salamonde, the crane 
runways have been concreted integral with the roof 
arch, the crane load being sustained by the keying 
action of the arch into the rock abutments. This 
method of construction offers the advantage that the 
crane can be erected from the rock floor before the 
hall itself is excavated, and can thereafter be used 
during the construction of the station. 

To facilitate the excavation of the main body of 
the hall, a sloping access tunnel, about 170 m. long, 
was driven from a construction road running along 
the side of the valley. The mouth of the tunnel is at 
an elevation of 115 m. and the tunnel meets the 
machine hall at one corner (as seen in Fig. 8) at 
exciter floor level, 50°9 m. This tunnel has been 
retained in the permanent construction as a supple- 
mentary exit and as the ventilation intake. 

The access shaft, which is also a recognised feature 
of Portuguese underground stations, is 134 m. deep 
and 8 m. in diameter. Loads up to 35 tons can be 
lowered through this shaft by a travelling crane in 
the surface building, the controls for which are dupli- 
cated on a panel at the bottom of the shaft. 

Round the clear space left for the handling of 
crane loads the shaft is compartmented to accom- 
modate a passenger and light-goods lift, a stairway, 
the surge-chamber air duct, the machine busbars, 
and the power and control cables. All structural 








items, including the stairway, were prefabricated, so 
that it was possible to sink and line the shaft in the 
clear, leaving recesses in the lining for the subsequent 
reception of the supports for the internal erections. 


Mechanical and Electrical Equipment 

The two generating sets consist of Voith (Heiden- 
heim) turbines coupled to Sécheron alternators. The 
turbines (Fig. 11) are of the vertical Francis type and 
develop 42,000 h.p. at 300 r.p.m. under a head of 
121 m. Each turbine is protected by a Neyrpic spheri- 
cal valve, the ring-shaped servomotor of which is 
supplied by pressure water from the penstock. 

The horizontal shut-off gate for one of the draft 
tubes is partly visible in Fig. 12. These gates are of 
the spectacle type, presenting a smooth bore when 
open, and besides the saving in excavation costs 
already referred to, the use of a closing means of this 
kind greatly simplifies the withdrawal of a turbine 
runner, avoiding the unwatering of the tailrace tunnel 
and allowing the other turbine to be kept running. 
After the draft-tube gate has been shut off and the 
turbine dewatered, the steel expansion tube seen in 
Fig. 12 can be removed and the runner lowered on 
to a trolley. This trolley is then hauled out to a 
position from which the runner can be picked up by 
the station crane. 

Governing is by Voith frequency-controlled actu- 
ators. These units do not possess flyballs but respond 
electrically to any change in the frequency of the 
current supplied by the permanent-magnet generator 
on the respective alternator, the electrical response, 
of course, being converted to mechanical movement 
which is stepped up by the normal system of oil 
relays. The main servomotors are mounted directly 
over the turbine cover reacting against the concrete 
covering the scrollcase. Each turbine has two double- 
effect cylinders mounted on opposite sides of the 
turbine, the pistons of which are coupled by a rod 
connected to the gate ring. 





Fig. 9. Canicada machine hall, showing the Sécheron alternators, the control board along the south wall, 
and the busbars traversing the end wall 
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The alternator is mounted on 
heavy reinforced-concrete beams 
—a method of construction which 
leaves a clear space at turbine 
floor level and enables the erec- 
tion of turbine and alternator to 
proceed simultaneously and with- 
out being unduly confined for 
space. 

The power house has two oil- 
pressure installations, one to each 
set, to feed the turbine regulators, 
the brakes of the generators, the 
controls of the spherical valves 
and the servomotors of the spec- 
tacle-type downstream gates. 

Each installation has: a steel 
oil tank with a refrigeration coil, 
two gear pumps supplying 300 
litres per min., one of them as a 
reserve, a changeover valve to 
allow the feeding to be done by either of the two 
pumps, and an air tank with the necessary safety 
devices. 

The alternators are rated at 32 MVA and 09 
power factor, and generate at 10:25 kV. Each 
machine has a flywheel effect of 850 ton m.* and a 
runaway speed of 615 r.p.m. The thrust bearing, of 
the flexibly mounted pad type, is designed for a total 
load of 230 tons, and is mounted in a water-cooled 
chamber on a six-armed bracket resting on the stator 
frame. Upper and lower self-lubricating guide bear- 
ings are located within this bracket immediately 
below the thrust bearing, and on the lower bracket 
carrying the brakes and jacks. Ventilation is on the 
closed-circuit system, embodying 12 water coolers. 
Surmounting the main machine is an assembly com- 
prising the main exciter. permanent-magnet alter- 
nator, and constant-voltage pilot exciter. 

Each alternator is regulated by a Sécheron-Rex 
ultra-rapid voltage regulator. This instrument em- 





Fig. 11. One of the Voith 42,000 h.p. turbines 
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Fig. 10. Placing the roof arch and crane runways of the machine hall 


ploys a sensitive electromagnetic balance, the move- 
ments of which are stepped up by oil relays to a 
rotary servomotor which adjusts a resistance in the 
main-exciter field. It is self-contained with motor 
and oil pump, and is provided with adjustments to 
suit the time constant of the generator excitation 
circuit and thus to eliminate hunting. 

Four Sulzer drainage pumps are grouped neatly 
towards one end of the hall, as seen in Fig. 8, their 
motors and control gear being at exciter-floor level. 
Two of these pumps each have a capacity of 8 litres 
per min. and the other two, 50 litres per min. One 
pump of each size is float controlled, its companion 
being started and stopped by hand. 

As will be noted from Fig. 8, the south wall as seen 
from the machine hall is a false one, and between it 
and the true lining there is a cubicle-type space about 
2 m. deep. Nearly the whole of this space at exciter- 
floor level is occupied by a control board, visible in 
Fig. 9, set flush into the false wall. On this board are 
concentrated all the instrument and 
controls needed for the manage- 
ment of the two main generating 
sets. including the turbine starting 
panels, turbine actuators, voltage 
regulators, and auxiliary and bat- 
tery-operated circuits. Two blank 
panels in the board form doors 
leading to a maintenance gangway 
extending behind the board. 


The generator neutral points 
are brought out at stator-floor 
level, and the busbars, which are 
of copper, are carried up in the 
space behind the false south wall 
and extend“ horizontally to the 
west wall, along which they are 
visibly mounted behind protect- 
ing panels, as seen in Fig. 9, and 
are then taken up to the surface 
through their appropriate com- 
partment of the main access shaft. 
They are mounted throughout on 
outdoor-type insulators to pre- 
vent any trouble due to conden- 
sation or seepage. 
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In a chamber adjacent to the 
station portal of the supplemen- 
tary exit tunnel is a ventilating 
plant supplied by Hall & Kay 
Ltd., consisting of two fans, the 
larger of which is provided with 
an electric heater to dehumidify 
the incoming air when required. 
Fresh air is drawn in through the 
access tunnel and the spent air 
rises through the access shaft. 

Our general impression of 
Canicada machine hall was one 
of extreme neatness of layout, 
and this impression was rendered 
all the more favourable by the 
attractive finish in light yellow 
tiles, supplemented by excellent 
fluorescent lighting. 


Surface Building and Outdoor 
Substation 


The surface building. which Fig. 12. Draft-tube shut-off gate and removable section to permit 


encloses the entrance to the access 

shaft, houses the control room, 

the equipment for the auxiliary supplies, the trans- 
former maintenance hall, and the power-station 
offices. 

The control room is on the first floor, and as will 
be seen from Fig. 13. commands a view of the out- 
door substation. All the control-room equipment, in- 
cluding the boards, cables, meters. and protective 
gear, were supplied by Brown Boveri & Co. Ltd. 

Auxiliary power can be derived from any of three 
sources. Normally it is taken from the generator 
busbars and stepped down to 380/220 V through two 








Fig. 13. Canigada control room. The outdoor substation can be seen through 















withdrawal of the turbine runner 


800 kVA Brown Boveri transformers, but alterna- 
tively the auxiliaries can be supplied from the local 
30 kV network through two 500 kVA Brown Boveri 
transformers. For emergencies, a 125 kVA Saurer 
Brown Boveri diesel set has been installed. Direct 
current for auxiliary protective devices and for 
emergency lighting is derived from a 144 Ah 
Leclanche battery. All this auxiliary equipment is 
located on the ground floor of the surface building. 

The transformer maintenance hall, which forms 
an annexe to the surface building. is equipped with 


the doorway 
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a 70 ton crane, and is connected to the outdoor sub- 
station by the usual wide-gauge rail track. 

To revert to the main power circuit, the machine 
busbars continue from the top of the access shaft 
through a subsurface passageway to the main trans- 
formers. 

Each generator is connected through an isolator 
to its own transformer, synchronising and switching 
being carried out on the high-voltage side. The two 
transformers are Sécheron three-phase units rated at 
32 MVA. They are delta-star connected, the neutral 
point on the high-voltage side being brought out and 
connected directly to earth, and they step up from 
10:25 to 158 kV to feed the 150 kV network. An 
on-load tap-changer, operable from the ground, 
admits of a 5% adjustment in either direction. Cool- 
ing is by forced oil circulation through fan-cooled 
radiators. The fans and circulating-oil pumps can 
be stopped for 15 min., with the transformer under 
maximum load, without harmful heating. 

The transformers were transported to site in their 
tanks, but to reduce weight the oil was emptied out 
and the tanks filled with dry nitrogen. 

The outdoor substation, Fig. 1, is on the double- 
busbar system and at present has seven bays. The 
first two handle the power from the generator-trans- 
former units, the third bay contains a bus coupler. 
the fourth and fifth connect with Vila Nova and 
Salamonde stations, and the sixth and seventh convey 
the outgoing power by two overhead lines to the 
Ermezinde substation of Companhia Nacional de 
Electricidade. Provision is made for the equipment of 
two further bays, one for a connection to a future 
station at Homem and the other for a third line to 
the Ermezinde substation. 

The main circuit breakers, isolators and instru- 
ment transformers were supplied by Sprecher & 
Schuh. The circuit breakers are of the “Orthojecteur” 
minimum-oil type, those controlling the generator- 
transformer units having a rupturing capacity of 
2.500 MVA, and those for the transmission lines 
3.500 MVA. The isolators are compressed-air oper- 
ated and are rated to carry 600 A. 

Canicada is capable of producing 200 million kWh 
in an average year, and this will be increased to 260 
million kWh when Paradela dam, to be described 
next month. is completed. 


From page 13 

conductivity. However, there has been considerable 
research to find a salt which could be used in small 
quantities and, while not being normally present in 
natural water, is nevertheless stable in solution and 
can be analysed without the prior evaporation which 
is required for a solution of common salt. Tests were 
carried out during 1952 in France to compare the 
relative merits of four chemicals, sodium chloride, 
sodium nitrite, manganese sulphate and sodium di- 
chromate. The latter, the formula for which is 


Na,Cr,O,-2H.,O, is not usually found in natural 
water, is very soluble in solution, and samples con- 
taining this chemical do not require any treatment 
prior to analysis. Further research at the Mechanical 
Engineering Research Laboratory has shown, how- 
ever, that sodium dichromate is not completely stable, 
even in natural water, and the search for an ideal 
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Contractors 





The dam and other civil-engineering works were 
executed under design and direction of Hidro Eléc- 
trica do Cavado, having as contractors :— 


Dam, intake, power house 
and access shaft .. 


Tailrace tunnel and surge 
chamber 


Surface buildings and sub- 
station yard .. ‘ 


Grouting operations 


Sociedade de Empreitadas 
de Obras Publicas, Ld?-, 
Oporto. 


Empresa Técnica  Luso- 
Italiana, Ld*-, Lisbon. 


Alberto Martins Mesquita, 
Oporto. 
Sondagens 
Lisbon. 


Rodio, Ld?*., 


The following is a list of the main mechanical and 


electrical suppliers :— 
Spillway gates .. 


Bottom-discharge gate, 
steel lining and disperser 
valve, and intake gate 
and trash rack 


Steel lining for supply 

tunnel pn Sa 
Turbine valves .. 
Turbines 


Generators, voltage regu- 
lators, main transformers 
Main circuit breakers, iso- 
lators and_ instrument 
transformers ra 
Control room, protective 
gear, auxiliary transfor- 


mers, auxiliary switch- 
gear and _ emergency 
generator 

Batteries 


Diesel engine .. .. .. 

Machine hall, transformer 
hall and_ access-shaft 
cranes .. .. 

Access-shaft lift 


Boetticher y Navarro, 
Madrid 


SOREFAME, 
(Portugal). 


Amadora 


Companhia Uniao Fabril, 
Lisbon. 

Ets. Neyrpic, Grenoble. 

J. M. Voith, G.m.b.H., 
Heidenheim. 


S. A. Sécheron, Geneva. 


Sprecher & Schuh, Aarau. 


Brown Boveri & Co. Ltd., 
Baden. 

Leclanché S.A., Yverdon. 

Saurer, Arbon. 


Gentili Brighi, Milano. 
SOPREL, Oporto. 


(To be continued) 


chemical continues. The M.E.R.L. has also investi- 
gated, both in the laboratory and on various sites, 
the problem of finding a suitable method for the ana- 
lytical determination of the salt-dilution ratio, using 
sodium dichromate as the chemical. To obtain the 
dilution ratio, from which the flow rate can be de- 
termined if the rate of injection is known, the con- 
centration of the salt (in this case, sodium dichromate) 
in the samples taken from the pipeline must be com- 
pared with that in the solution injected. There are 
two methods, volumetric and colorimetric, for detect- 
ing the presence of this salt; the former has been 
used during a series of tests carried out by the 
M.E.R.L. and the latter has been applied for similar 
tests in France. Very accurate equipment is required 
for both methods and it is as yet impossible to state 
which of them is the more satisfactory. 
(To be continued) 





Reducing Vibrations from Blasting 





by a Gas Bubble Curtain 


G. MORRIS* 


OMETIMES it is necessary, particularly when an 

extension to an existing plant is nearing comple- 

tion, to fire explosives near to buildings which 
must not be harmed, although calculation shows that 
damaging ground vibrations may be expected'.*. The 
possibility of damage is increased many times if the 
space between the blast and the object which must 
not be damaged is filled with water. 

An ingenious solution of this problem was suggested 
by J. A. P. La Prairie in Canada and reports of its 
successful use have been published**. The method 
consists of running several parallel pipes across the 
bottom of the water between the blast and the build- 
ing. Each pipe is drilled with many small holes (e.g. 
75 holes, each 0-05 in. diameter, per foot of wall) and 
a torrent of air bubbles is caused to escape from the 
holes. The curtain of air and water so formed is an 
extremely bad transmitter of shock waves and will 
cause a marked reduction in the effects of shock on 
structures it protects. The reason for this is not fully 
understood. Some have sought to explain it in terms 
of suppression of a shock wave in a compressible 
medium and others in the sudden change of acoustic 
impedance between the water and curtain. The re- 
cently published paper by Campbell and Pitcher® sug- 
gested that the latter may be the important cause. 

When such a curtain is employed as part of a large 
civil engineering contract, air compressors and sup- 
plies of steel tubing are usually available at the site. 
Even then the boring of the large number of small 
holes (Jacobsen* reports 24,000 in one curtain) is 
costly and time-consuming, so that a cheap and simple 
alternative may prove useful. Dr. J. Taylort, in discus- 
sing this with the writer, suggested the use of chemic- 
ally generated gas bubbles, but it is difficult to find 
a combination of chemicals which is a good, quick 
generator of gas when mixed with cold water, is not 
bulky, does not produce toxic effects in the water or 
an explosion risk on the surface, and is cheap to apply. 
It has been found, however, that a convenient method 
of producing a gas which has no deleterious effects is 
to throw solid carbon dioxide, for example “Drikold,” 
into water. 

In very cold water a piece of dry ice about one inch 
in diameter will give a good stream of bubbles for 
about 10 minutes, the governing rate being determined 
by ice forming round the “Drikold.” At about 45°F 
the rate of gas evolution is much greater. It is possible 
however to control the rate of gas evolution by the 
size of the pieces of “Drikold” used. 

While it is possible to contrive a bubble curtain in 
a very narrow neck of water by throwing in crushed 
* Imperial Chemical Industries Limited. Nobel Division, Research De- 


partment, Stevenston, Ayrshire 
+ Director, Imperial Chemical Industries Ltd 
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“Drikold” with a spade, a more positive method is 
needed for water of greater width. A practical method 
of making a longer curtain is to take a strip of wire 
netting or sieve material about 9 in. wide and long 
enough to stretch right across the water in which the 
curtain is needed. The “Drikold’ is then broken up 
into bits averaging | in. diameter and put on the net- 
ting which is then closed around it—gloves are essen- 
tial when handling “Drikold.” The tube of netting is 
then manoeuvred inte position with ropes tied to 
either end. 

A test was made by firing 4 oz. shots of “Geophex” 
suspended from a raft in a shallow pond which was 
roughly of keyhole shape, the parallel sides being 
46 ft. apart. Some 15 ft. away from the shot point, a 
metal frame was placed on the bottom of the pond 
to support a number of pressure gauges*. These con- 
sisted of a cylindrical brass body, containing a lead 
“crusher,” and fitted with a piston having a conical 
indenter which was driven into the crusher by water 
pressure. The water pressure is nearly proportional to 
the area of cross section of the indent. 

With no gas curtain the average diameter of the 
indents was 0-072 in., while with a double curtain 
containing approximately 1 lb. of “Drikold” per foot 
of each “pipe,” the average diameter of indent was 
0-027 in., so that a pressure reduction rather more 
than seven fold is afforded by the double curtain. In 
this test the reduction in pressure is not as great as 
would normally be achieved, since the water was very 
shallow (about 3 ft.) with a layer of fine mud at the 
bottom; this affords a pressure conducting path not 
protected by the curtain. 

Jacobsen* and Kramer‘ both claim a ten fold re- 
duction in pressure when using deep water and a clean 
rock bottom. Jacobsen used 15 cu. ft. of air per foot 
of pipe per minute. The 1 Ib. of “Drikold” per foot 
of net produced a total of 8-3 cu. ft. of gas, giving a 
curtain lasting 4 to 5 minutes, so that the “Drikold” 
curtain in the above test was very much smaller than 
that used by Jacobsen. As “Drikold” is 6d. per pound, 
the test suggests that an effective curtain to protect a 
valuable structure against a blast can probably be 
prepared more cheaply than by the use of piping and 
compressed air. 

I.C.1., Nobel 


* The author thanks Dr. S. Paterson, Research Dept., 


Division, for the loan of these gauges 
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Bolted Angle Struts 


A review of existing design methods, with particular 
reference to transmission towers 


By M. GREGORY, B.E., A.M.I.C.E., A.M.I.E. (Aust.) 


NGLE-SECTION members with bolted connec- 

tions are used in quite a large number of 

structures due to their ease of erection with com- 
paratively unskilled labour. An important example 
is the electricity transmission tower. Large numbers 
of these towers are built all over the world, many in 
isolated locations and often in mountainous or heav- 
ily forested country where a simple, easily erected 
structure is required. Due to the large number of such 
structures involved, saving in weight is particularly 
important, especially where long distance transport 
over inaccessible country is involved. Most of these 
towers are designed entirely of angle-section members, 
with heavy main legs and lighter cross-bracing. Con- 
nections are made by drilling-holes on the centre line 
of the leg of the angle, and single or double bolting. 
In the past, mild steel bolts have usually been used, 
with the nut screwed up as tightly as possible, there 
being no particular check of the connection at the 
erection stage. It is possible that the use of high-tensile 
bolts and washers would be more economical and the 
result of this should be a more uniform connection 
with more consistent properties. One of the highly vari- 
able unknowns in the problem of the strength of angle 
members (particularly the compression members) is 
thereby somewhat reduced, and their design can be 
improved. The principle of high-tensile bolting is well 
established for structural steel building frames for 
which the bolts are tightened with a torque spanner 
to a predetermined torque sufficient to yield the 
material under the high-tensile steel washer. High 
shears can then be developed by friction, without 
stressing the bolt in shear at all and, in comparison 
with field riveting, the problem of erection is very 
much simplified. 

As regards transmission towers, or bolted angle 
structures in general, erection itself is made no easier 
by the use of high-tensile bolted connections; in point 
of fact the necessity for using a torque spanner 
makes erection slightly more difficult. The advan- 
tage is a long term one. The mild-steel bolt is a 
very inefficient and variable connection and in the 
case of tension members, the strength of the member 
is the strength of the connection. For a compression 
member, the strength, or the load-carrying capacity, is 
governed almost entirely by the restraints acting at its 
ends. These restraints arise as moments and torsions 
induced from other members of the structure framing 
into the joint concerned, arid are a function of the stiff- 
ness of connection. With a more efficient connection 
there is better restraint, and the strength of the strut 
is increased. At present, the design of bolted angle 
members is very empirical and it is, therefore, pre- 
sumably over-conservative. This must necessarily be 
the case because so many highly variable factors are 
involved. Removal or reduction of one of the un- 
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knowns is an advantage, but a saving in cost by reduc- 
ing the section of the members is not immediately 
practicable even in the case of tension members, as 
ioads are liable to reverse in many cases, and members 
are often subjected to both tension and compression, 
depending on the direction of loading. This is evident 
in the case of a transmission tower under wind load, 
or subject to torsion in either direction due to a cable 
breaking. However, with a controlled end connection, 
it is possible to establish a sound basic design for 
bolted angle members, with consequent economy. 


Failures of Bolted Angle Struts 

A bolted angle strut in a structure fails by excessive 
central deflection, which usually causes the centrai 
part of the strut to buckle about its m‘nor axis of 
inertia. Since each end of the member is held by one leg, 
the strut twists near its ends and this may be due to 
an opening out of the angle at its extremities, yield or 
large movement in the connection, local buckling of 
the outstanding leg of the angle near the connection 
under the action of compressive stresses set up as a 
result of the shear stresses due to twisting, or merely 
elastic and plastic torsion. Depending somewhat on 
the direction of bending, there can also be local 
buckling of the angle near its centre under the action 
of bending stresses. If failure or collapse is defined by 
deflections becoming larger than can be allowed, then 
struts of slenderness ratio (the ratio of length to the 
smallest radius of gyration, //r) less than 180 have 
passed well into the plastic region at failure. For //r 
between 180 and 250, failure may be elasto-plastic or 
entirely elastic. 

In most structures, axial forces can be determined 
with sufficient accuracy by considering the members 
pin-ended. There is never enough distortion of the 
geometry of the structure for the actual forces to be 
far from the pin-ended values, even if the members are 
rigidly connected. The load-carrying capacity of the 
strut is, however, entirely dependent on the restraints 
at its ends. 


The Provisions of B.S. 449: 1948 

The British Standard for the Use of Structural 
Steel in Building, B.S. 449: 1948, lists (in Tables 
8 and 9) permissible working stresses for discon- 
tinuous angle struts with double-bolted, welded, 
or single-bolted connections. In this code, the 
design of all columns is based on the Perry 


formula as recommended by Robertson in the First 
Report of the Steel Structures Research Committee, 
1931. This formula gives the load which is required to 
cause yielding in the centre of a single pin-ended strut 
having initial crookedness, lack of homogeneity, and 
small unavoidable eccentricity of loading such as 
might be encountered in practical struts being loaded 
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in testing machines. It is derived by considering the 
maximum stress in an initially bent strut and applying 
the result obtained to tests and established practice by 
sa ev 
using an empirical factor for crookedness, n = —* 


0-003 //r. Due to lack of knowledge of the behaviour 
of struts in the plastic range, the collapse load is 
equated to the load which first causes yield at the 
centre of the strut. Safe working loads are obtained 
by using a load factor. The formula is: 


. l + 
K, Fo fy ‘i ) f -4(& (i aa f. 
for //r > 80 [Appendix C, BS. 449) » <a> 
where F,=permissible average compressive stress 


(tons/sq. in.) 

K.,= load factor of 2-0 

fy= guaranteed minimum yield stress (assumed 
15-25 tons/sq. in. for mild steel) 


f. = Euler stress = a S. E = 13,000 tons/sq. in. 


(1/r) 
n= 0-003 I/r. 

Using the above values, the permissible working 
stresses for pin-ended centrally-loaded struts are given 
in Table 7 of the code against the corresponding //r 
ratio. For practical columns in structures, which are 
never pin-ended but are restrained at their ends in 
some way, Table 15 lists effective lengths to be 
assumed, and Table 16 lists eccentricities to be used 
in design. In cases of bending and axial compression, 
section 22a gives the formula: 

falFa + fre/Foe> | 
a= axial compressive stress 
F,,= permissible compressive stress for axially- 
loaded struts 
fo-= bending stress (presumably calculated 
without allowing for the column effect, 
although this is not stated) 
F,,.= permissible bending stress. 
This formula, correct only at both ends of the range 
(i.e., pure compression or pure bending) has no 
rational basis, and has been severely criticised since 
its incorporation in the code. 

The process of column design may be summarised. 
The axial load is estimated (on a pin-ended basis), 
a trial member taken, and the axial stress determined. 
Using Table 15, an effective length is chosen depending 
on end fixings, continuity, restraint. etc.; hence //r 
and the permissible axial stress F, (Table 7), can be 
determined. (The provisions of Table 15 are vague 
and a great deal is left to the discretion of the 
designer.) If there is a known bending moment or 
eccentricity of loading, equation (2) is used to check 
the section assumed. The method of design by esti- 
mate and check is very rapid, given a little experi- 
ence, but of all the assumptions and steps made, 
equation (1) (or Table 7) is the only method that is 
well substantiated, and, moreover, it applies to pin- 
ended struts. There have been arguments against the 
code for many years but adequate structures can be 
designed by using the code as it stands. The question 
is, of course, one of economy in both design and con- 
struction. No workable substitute method has been 
advanced up to now, although it is realised that with 
sufficient knowledge of the behaviour of struts in the 
plastic range, plastic design will replace existing 
methods. 


. (2) 
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Bolted Angle Struts 

In B.S. 449, the design of bolted angie struts is 
based on the Perry formula (1) and the limiting equa- 
tion (2), certain end conditions being assumed. Sec- 
tion (17c) states, “For single angle discontinuous struts 
connected to gussets or to the leg of a rolled section 
either by bolting or riveting with not less than two 
bolts or rivets in line along the angle at each end, or 
by their equivaient in welding, the eccentricity of the 
connection with respect to the centroid of the strut 
may be ignored and the strut designed as an axially 
loaded member.” Working stresses are given in Table 
8. The code then states that angle struts with single 
bolted or riveted connections shall be treated “simi- 
larly,” working stresses being given in Table 9. The 
effective length to be taken in either case is 0-8 of the 
actual length. This is reasonable in that it fits quite 
well into Table 15. The method of arriving at Tables 
8 and 9 may be obtained from Apperdix D of the 
code, “Derivation of the Tables for Angle Struts.” For 
double-bolted angles (Table 8), this states: “Eccen- 
tricity of loading in the plant of the gusset or leg of 
the rolled section has been considered as controlled 
by the double-fastenings, and has consequently been 
neglected in the moment calculation, and the loading 
at right angles to that plane has been assumed as ap- 
plied at the centre of thickness of the attached leg of 
the strut, as embodying an allowance for the stiffness 
of the connection. The effective length of the strut 
has been taken at 0°8 of the distance between the 
fastenings, as an allowance for end fixity. The permis- 
sible working stresses have then been calculated for 
combined bending and axial compression in accord- 
ance with Clause 22a. 

For single-bolted angles (Table 9), Appendix D 
states, “Full eccentricity of loading has been taken 1n 
the plane of the gusset or leg of the rolled section; and 
eccentricity of loading at right angles to that plane as 
applied at the centre of thickness of the attached leg, 
as in the case of Table 8. The effective length and per- 
missible working stresses have been calculated as for 
Table 8.” 

These definitions of assumed eccentricity are vague, 
and in the case of double-bolted angles, they seem to 
be at variance with the provisions of Section 17c. 

However, with no proper knowledge of the effect 
of the end connections, the relevant assumptions ap- 
pear reasonable as a design expedient. 

It is to be noted that the code relates the design 
of the practical belted angle strut to the ideal pin- 
ended strut by means of the Perry formula, and by 
assuming reasonable values for the eccentricity of 
loading, and the effective length. In actual fact, the 
moments at the ends of the members of a frame are 
not proportional to the load, and the eccentricity is 
not constant. In order to obtain a table of permissible 
stresses against //r, the code then uses equation (2), 
Clause 22a, the validity of which is questionable. This 
procedure can hardly be justified even as a design 
expedient, especially in view of the fact that the 


fu + bes) 


is not 
F, * 








stated. Taking the assumed eccentricity from Fig. | 
(which seems to be a reasonable interpretation of the 
provisions of Appendix D) further assumptions are 
necessary before equation (2) can be used, particularly 
with regard to the lateral placing of the bolt in the 
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leg of the angle, and the ratio of width of leg to thick- 
ness. However, wide experience and a number of 
load tests show that Tables 8 and 9 are safe and 
give adequate, although very conservative, structures. 


Eccentricity Incorporated in the Perry Formula 

Loading tests carried out on lattice girders at the 
University of Leeds have shown that the B.S. 449 
code gives a safe design method in all cases tested, 
but is over-conservative. Complete girders were 
tested because the buckling of a compression member 
is dependent on its end conditions and the restraint 
afforded by adjacent members and strain measure- 
ments were taken on the truss members during load- 
ing. In the tests, actual load factors of 2-4, 2:7 and 
3-0 were obtained for the critical compression mem- 
bers, i.e. those which failed first. The load factors for 
other members were, of course, even higher and it is 
suggested that the effective length of angle struts can 
be taken as considerably less than 0°8 times the actual 
length. Incorporating the eccentricity of loading 
assumed in B.S. 449 (i.e. adding the assumed eccen- 
tricity to the crookedness term) in the Ayrton Perry 
formula, some agreement was established with 
experimental measurements. 

This same procedure was advocated for design 
purposes by Robertson in the First Report of the 
Steel Structures Research Committee, p. 228, in which 
he puts forward the Perry formula for axially-loaded 
columns. For centrally-loaded columns he suggests the 
crookedness term »=0-003 //r; but for columns hav- 
ing a definite eccentricity e,, the term proposed is 


(0-003 tr] + 2) where 


e,=eccentricity of loading 

a= distance of extreme point in cross section from 
the neutral axis 

r=radius of gyration. 

In the British Standard, the first part of Robertson’s 
recommendations is adopted, but the provision for 
known eccentricity is replaced by equation (2), which 
has no justification whatsoever. In order to obtain a 
design method, and assuming the provisions of 
Appendix D of B.S. 449 with regard to assumed 
eccentricity of loading at the ends of bolted struts, 
it seems reasonable to incorporate them in a rational 
formula which gives the maximum resultant stress, 


rather than using the equation foe 
Fe Fe 


no relation at all to the actual conditions. In equation 
(1) » is then replaced by the term n,= 

: ++S2) ivino: 

(0 003- ta J» giving: 

fy+n, +1 /ty+(n,+D FV? — 
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where e is obtained from the provisions of Appendix 





>1, which has 





K, F.= 


Ca - c 
D of the code, and 7 isa function of the cross-sec- 
tional dimensions of the angle, depending on the 
la 


location of the bolt. For design purposes, since a 


is dimensionless, a numerical value can be assigned 
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to it for the practical range of angles, and a table of 
values of allowable stress against //r can be drawn up. 
Besides having good theoretical justification, work 
at the University of Leeds has shown this procedure 
to be safe and less conservative than B.S. 449. 


Empirical Design Methods 

The third method of design is almost purely em- 
pirical, using tables of allowable stresses against the 
l/r ratio, with little or no theoretical justification (e.g. 
the Johnston parabola formula, with coefficients 
adjusted to fit tests on single columns, and some 
assumed ratio between effective and actual length). 
This procedure is justifiable providing it is safe. In 
the case of transmission towers, due to the large 
number of such structures involved, one example of 
each major type is often tested under simulated field 
loading conditions. Often the test is carried to des- 
truction for one loading arrangement, and an overall 
load factor is obtained. Because of the large number 
of members involved, strains or deflections are not 
usually measured, but a test on a single tower may 
establish the safety of the structure under perhaps 
10% overload for a number of loading arrangements, 
and determine its overall load factor for one loading 
arrangement. However, apart from noting such quali- 
tative information as the number and position of the 
members which fail, it gives little information which 
can be used in future design. The most important 
factor is to establish the most economical overall 
design so that, ideally, all the members, or at least 
a large number of them, fail together. Load tests on 
complete structures, without measurements on indi- 
vidual members, merely give an overall picture. The 
detail still has to be provided so that the load-carrying 
capacities of individual struts built into the structure 
are known. 

It is known that such methods of design, though 
much less conservative than B.S. 449, are still over- 
cautious. The load factors obtained from tower tests 
are about 2-0 or more. It is, however, a step in the 
dark to proceed further along an already dim path 
even by judicious pruning of the empirical factors 
involved, especially if the only justification is a desire 
for economy. The possibility of economy certainly 
exists; the problem is to achieve it safely. 

With //r ratios in practical use, strut failure usually 
involves some plastic behaviour. With existing limited 
knowledge of the behaviour of struts in the plastic 
state, it seems that elastic theory will continue to be 
used for some time, or at least until the results of 
more research are available. Research by tests on 
models and actual structures, and concerning both 
the elastic and plastic regions, should be fruitful. 
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At the Canadian Sectional meeting of the World Power 
Conference held in Montreal last September a Section was 
devoted to the generation of power by hydraulic means 


HE programme of the Canadian Sectional Meet- 

ing of the World Power Conference, which was 

held last September in Montreal, very appropri- 
ately included a Section on the generation of power 
by hydraulic means. 

Naturally a number of papers in this Section 
recorded recent developments in the design of the 
relevant hydraulic machinery—and some of these 
developments are of great significance—but probably 
the main value of the Section was the manner in 
which it focused the trend of contemporary thought 
on the present and prospective role of water power in 
the rapidly changing power economy of the world. 
This was evident in the papers describing the power- 
supply patterns of individual countries, for in most 
of them the theme was the economic integration of 
water power with other power resources—thermal, 
and in some cases, nuclear. In a number of papers. 
indeed, the question of the economic evaluation of 
hydro potential in an integrated system formed the 
topic for discussion. 

This same general subject was considered in several 
papers from the specialised standpoint of pumped 
storage. which bids fair to become of far-reaching 
importance in the power-supply pattern of the future. 

Several papers of direct interest to hydro-electric 
engineers were also to be found in the Section dealing 
with electrical power transmission. 


Power Trends in Various Countries 

The problem of the integration of power resources 
is well analysed in a paper “Economic Aspects of 
Hydro Power Development on the Electricity Supply 
in Austria” by Prof. Dr. O. Vas. Austria has ample 
water-power resources, largely run-of-river power on 
the Danube, but there are also valuable storage sites 
in the Alpine and sub-Alpine regions. Supplies of 
indigenous fuels are restricted and are confined to 
lignite, naphtha and natural gas. The paper describes 
an analysis undertaken to determine the type and 
capacity of new plant required to meet a doubling of 
demand within the next ten years—-a further 10,900 
GWh per annum. Load-duration curves were drawn 
for the six winter months, four summer months, and 
two transition months (April and September), and the 
role of each form of power examined in relation to 
these curves. Thermal power presented the obvious 
advantage of lower initial construction cost, but the 
factor of higher running cost was aggravated by the 
comparative scarcity of indigenous fuels. Capital costs 
for hydro-electric schemes are assessed in Austria not 
on the installed capacity but on the available annual 
output. On this basis, run-of-river plants showed 
specific costs of about 2 Austrian schillings per kWh 
per annum, and storage plants about 4 schillings on 
a basis of 3,000 utilisation hours. The most economic 
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balance for new plant for the Austrian system is found 
to be: run-of-river 1.090 MW, 6,760 GWh; storage 
900 MW, 2.140 GWh; thermal 600 MW, 2,040 GWh. 
These figures show that 61% of new production will 
come from run-of-river plants, 20% from storage 
plants and 19%, from thermal plants, and to secure 
this result 80 MW of storage capacity and 55 MW of 
thermal capacity will be required for every 100 MW 
of run-of-river capacity. 

Quite a different energy pattern is to be found in 
Italy. as disclosed in a paper “Les Perspectives du 
Développement de la Production d’Energie Hydro- 
électrique en Italie” by Dott. A. Camponeschi and 
Dott.Ing. U. Beltrami. Although Italy produces more 
hydro-electric power than any other country in 
Europe it is not so favoured naturally as certain other 
countries. The catchment areas are not very extensive 
and in many cases their mean elevation is compara- 
tively low. Seasonal variations in flow are usually 
high and the average annual flow of most catchments 
is moderate—only the Po exceeds 1,000 cu. m. per 
sec. Furthermore, sites for large storage reservotrs are 
fewer than in Switzerland and France. Due to these 
conditions the individual stations have a low annual 
productibility. and in fact only three exceed 600 
GWh per annum. Long transmission distances con- 
stitute a further unfavourable factor. 

To these considerations must be added the fact 
that of the total hydro-electric resources regarded as 
economically exploitable (50,000 GWh) about 68%, 
have already been developed. A progressive advance 
in the proportion of thermal power is therefore envis- 
aged. which is exvected to outstrip hydro capacity by 
about 1965-70. The role of water power will gradu- 
ally change from base load to peak load, and although 
new resources will be developed it is thought that 
attention will be concentrated primarily on making 
the most effective use of existing plants and of supple- 
menting daily and weekly as well as seasonal storage 
capacity. 

A somewhat more optimistic note is struck in a 
second Italian paper “Le R6le des Utilisations 
Hydrauliques pour le Développement de la Produc- 
tion de l’Energie Electrique en Italie” by Prof. Ing. 
P. Frosini and Prof. L. Gherardelli in which the 
conclusion is reached that through a more rational 
and comprehensive utilisation of hydro resources a 
total hydro-electric production of some 65.000 GWh 
should be realisable—or about double the present 
production. 

Conditions in Brazil are surveyed in a paper “A 
Survey of Electrical Power Generation Trends in 
Brazil” by J. F. Pinto. Brazil’s water-power resources 
are conservatively estimated at 20,000 MW, derived 
from eight basins, each of which is briefly studied in 
the paper. Indigenous fuels are limited and of poor 
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quality, so that thermal plants have to rely mainly on 
imported fuels. Nevertheless, the installation of 
thermal plants received some impetus after the war 
due to their lower capital cost, the speed with which 
they could be erected, and a favourable exchange 
rate for imported fuels. The fuel position, however, 
caused a reorientation towards hydro power from 
1953 onwards. The future possibilities of nuclear 
power are also examined in the light of available 
deposits of fissionable ores. 

Tasmania is a case of an island which relies entirely 
on its hydro-electric resources, and A. W. Knight, in 
a paper “Economic Trends of Power Development in 
Tasmania,” states that this will remain the case for a 
considerable time to come. The western half of the 
state is practically undeveloped and is-estimated to 
be capable of producing another 7,500 GWh per 
annum in addition to the 3,880 GWh which will be 
produced when works now under construction are 
completed. The rising cost of hydro-electric develop- 
ment has been mainly due to inflation, and improve- 
ments in methods and materials have meant that the 
price of electricity has not risen in the same propor- 
tion. Due tc transport requirements the capital cost of 
a thermal station in Tasmania would be nearly as 
much as that of a hydro station, and in any event the 
hydraulic resources are such that balancing with 
thermal power will be unnecessary for many years. 
Nuclear power is not likely to be attractive before 
about 1970. 

In India, according to a paper “Economic Trends 
in the Production of Hydro-Electric Energy in India” 
by M. Hayath and K. L. Vij, economic considerations 
point to the conclusion that the bulk of energy pro- 
duction during the next two or three decades must be 
derived from hydro resources. A table giving salient 
features of completed single-purpose and multi- 
purpose schemes, together with a map, is included 
in the paper. 

An interesting study of power development in 
Japan is made in a paper “Economic Tendency in 
Electric Power Development in Japan” by N. Mitani, 
T. Fujii, and M. Ishii. The country’s power resources 
consist mainly of about 20,000 million tons of coal, 
generally unfavourable for mining, and hydro-electric 
capacity estimated at 30,000 MW. The paper traces 
the development of these resources over the past 70 
years. The initial regime was one of small independ- 
ent hydro and thermal plants, originally solely for 
lighting but later also for private industrial power. 
This was succeeded by a hydro development period, 
culminating in 1930, when hydro capacity had 
reached 2,950 MW and thermal capacity 1,550 MW. 
Next came a hydro-thermal combination period; by 
1950 hydro capacity had become 6,750 MW and 
thermal capacity 4,010 MW, and by 1956 the respec- 
tive figures were 9,600 MW and 5,850 MW. 

The pattern of the future is likely to be determined 
by the practical limitations to future hydro-electric 
development and by the rise of the large high-effici- 
ency thermal plant. Japan has a high annual precipi- 
tation—an average of 1,600 mm.—but as the country 
is mountainous and narrow the rivers are short and 
steep and lack sites for storage reservoirs. These con- 
ditions favour run-of-river development, but as the 
rivers in this tropical region. are characterised by 
heavy flows of short duration it is necessary to build 
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storage reservoirs wherever feasible. The future is 
therefore likely to see a swing over to a thermal-based 
power economy, using high-efficiency thermal plants 
assisted by run-of-river plants for base load and 
storage hydro plants for the peaks. Pumped storage 
is receiving close study, and there are already four 
such plants—three in operation and one under con- 
struction—of capacities ranging from 2,340 to 43,600 
kW. 

In Portugal the power-supply problem is subject to 
certain special considerations, which are admirably 
set out in a paper “Quelques Aspects Economiques cn 
Rapport avec la Co-ordination de Exploitation et la 
Planification des Ressources d’Energie Electrique au 
Portugal” by Ing. F. I. Gongalves and Ing. J. C. 
Morais. Portugal possesses hydraulic resources estim- 
ated at 12 to 14 GWh in an average year, but its fuel 
resources are scanty and of poor quality. Its power 
system is therefore based essentially on water power, 
thermal stations being reserved for use in dry years 
and during exceptionally dry periods in more normal 
years. During such periods thermal stations are used 
on base load; they are never needed for peaking as 
it has proved more economical to provide over- 
capacity in the hydro-electric stations. This excess 
capacity is called for by the great irregularity in flow 
of the Portuguese rivers, both in the course of a year 
and between one year and another, so that it is advis- 
able to be able to take advantage of the excess flow in 
wet years. This irregularity has also called for the 
provision of abundant storage capacity, much of 
which is for interannual regulation. By a Nationalisa- 
tion Law of 1951 three Authorities were established 
to control the development of three main river basins 
—the Zézere, the Cavado and the Douro—and a 
National Load Dispatching Authority was set up to 
control the bulk transmission of power throughout 
the country and to co-ordinate generation. The paper 
describes in some detail how this organisation 
deals with the economic problems of system operation 
and of future planning in the light of the special 
circumstances. 

Conditions in Russia are recounted in two papers. 
One of these, “The Role of Water Power in the For- 
mation of Large Power Systems and Consolidated 
System in the Soviet Union” by L. O. Saatchian and 
G. N. Lyalik, discusses the value of hydro-electric 
plant in what are termed “consolidated” power sys- 
tems—obviously large systems in which the maximum 
benefits are derived from integration and interconnec- 
tion—and these benefits are illustrated by reference 
to the two largest systems in the Soviet Union—the 
European and the Central Siberian power systems. 
Russian water-power resources are appraised from 
the economic standpoint in the second paper “A Com- 
parative Cost Estimate and Prospects for Harnessing 
the Water Power Resources in the Eastern Regions 
of the U.S.S.R.” by Prof. A. N. Voznesenski and A. A. 
Beschinski. 


Hydro-Thermal Correlation 

Several of the foregoing papers will be seen to have 
discussed the economic integration of combined 
hydro and thermal systems; in a number of other 
papers, this forms the principal theme. One of the 
most important of these papers is “Economic Integ- 
ration of Coal-fired. Nuclear and Hydraulic Genera- 


29 











tion of Electricity with Special Reference to Scot- 
land” by J. Henderson and C. L. C. Allan, as it covers 
the whole gamut of water power, coal-generated 
power, nuclear energy. and pumped storage—all of 
which find, or will find, their place in the Scottish 
system. The authors commence by examining in turn 
the general characteristics of water power (including 
pumped storage), coal-fired stations, and nuclear 
power from the standpoint of their integration into a 
combined system, and then apply their conclusions to 
conditions in Scotland. Electricity supply in Scotland 
is provided by two Boards—The North of Scotland 
Hydro-Electric Board whose resources are mainly 
hydraulic, and The South of Scotland Electricity 
Board whose resources are mainly thermal—and the 
correct economic policy for the future is seen to lie 
in the close integration of hydro, thermal and nuclear 
power with an agreed policy of extensions. This paper 
is too full of material for any summary to do justice 
to it, and it is best studied in the original. 

A paper on Uruguay entitled “Production of Elec- 
trical Energy in Uruguay Development of the Hydrau- 
lic-Thermal System Rio Negro—Montevideo” by 
C. A. Giavi is of distinct value in its approach to the 
hydro-thermal integration. Uruguay’s power system 
has hitherto been based on thermal stations, but as 
these stations depend on coal and fuel oil imported 
at high cost steps have been taken to develop the 
country’s rivers, although their characteristics are not 
particularly favourable. The largest river is the Rio 
Negro, and a 128 MVA plant has already been built 
at Rincon del Bonete; a second, of 108 MVA capac- 
ity, is under construction at Rincén de Baygorria, and 
further stations are planned at Paso del Puerto and 
Yapeyu. Two methods of operating the hydro-thermal 
system are followed according to the available flow 
in the Rio Negro—‘normal operation” and “water- 
deficit operation.” In the former case the utmost use is 
made of hydro power, which furnishes base load, 
whereas in the latter case water power is reserved for 
the peaks. Control of water economy under water- 
deficit operation is effected by a family of “water- 
deficit curves,” which were determined for the Rincén 
del Bonete project. 

Another case where an almost exclusively hydro 
system is having to increase its thermal capacity exists 
in Canada, and is discussed in a paper “Thermal- 
Hydraulic Generation Integration in Southern Mani- 
toba and Northwestern Ontario” by C. G. Mills and 
H. Teekman. Generation in southern Manitoba, 
which is controlled by the Manitoba Hydro-Electric 
Board and the Winnipeg Hydro-Electric System, is 
largely hydraulic, and in north-western Ontario, in 
the charge of Ontario Hydro, generation is exclu- 
sively hydraulic. The catchment areas controlled by 
the two provinces are so interlinked that their use 
has to be studied in the light of interprovincial and 
international repercussions. 

Consideration of the supply position in Manitoba 
as it exists in 1958 led to a study of two alter- 
natives—a 240 MW hydro station at Grand Rapids 
250 miles north of the load centre, or a 132 MW 
steam station near Brandon. Transmission costs for 
the hydro plant were seen to be prohibitive unless 
the station was loaded up as soon as completed, and 
for the first few years this could only be done by 
unloading the Winnipeg river plants. The steam 
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station was finally chosen as it could be erected near 
the load centre and the unit size chosen to meet the 
load growth as it occurred. The steam plant would be 
operated until the demand justified construction of 
the Grand Rapids plant, and its output would then 
be decreased as the new hydro units came into oper- 
ation. Further hydraulic sites equivalent to several 
hundred megawatts are available on the Nelson River, 
but as they are upwards of 400 miles from the south- 
ern load centre they will remain uneconomic until 
blocks of high-load-factor power can be picked up. 

In north-western Ontario, apart from plant now 
under construction, there are undeveloped sites of 
some 467 MW capacity, some of which are known 
to be economic, others uneconomic, and others have 
not yet been fully studied. A 100 MW steam station 
is being built at Fort William for service in 1961 to 
firm up the output from plants constructed since 1955 
on the English and Winnipeg Rivers and which have 
been deliberately over-installed for this purpose, and 
to form a reserve against sudden load growth. 

When evaluating the economic capacity of a new 
hydro-electric development, Ontario Hydro uses as a 
criterion the cost of delivering to an assumed load 
centre equivalent power from a thermal plant. The 
most economic capacity is that for which the incre- 
mental annual cost per kilowatt equals the incre- 
mental cost of power delivered from the thermal 
plant, provided that the total annual cost per kilowatt 
is not greater than the total annual cost for the 
thermal plant. The paper also considers the effect 
of thermal capacity on the evaluation of storage, and 
refers to the advantages of the electrical interconnec- 
tion established in 1956 between the two provinces. 

A particularly interesting paper was contributed 
by Dr. T. Ingledow on “Integration of Gas Turbines 
in Hydro-Electric Systems” for this is the only paper 
in which the use of gas turbines in conjunction with 
a hydraulic system is studied in detail. After outlining 
the general principles of firming up hydro power by 
thermal power, Dr. Ingledow discusses the technical 
advantages of gas turbines for this service. Although 
their fuel cost is somewhat higher than for an equiva- 
lent steam station their capital cost is lower, especially 
in the larger sizes, and they possess the important 
operating advantages of their ability to take full load 
in about 20 minutes from a cold start, and of the ease 
with which they can be remotely controlled. The latter 
facility is particularly important as a plant of this 
descripticn operates for only a part of the year, and 
in favourable water conditions may be shut down for 
several years. Gas turbines therefore show important 
advantages over steam plant for low-load-factor oper- 
ation. The author concludes his paper with a brief 
description of the 100 MW remote-controlled gas- 
turbine plant which British Columbia Electric Co. 
Ltd. have just built at Port Mann. 

Dr. Ingledow’s paper leads naturally to considera- 
tion of a most interesting contribution by T. D. 
Staniey and G. F. Green on the “Economics of Cen- 
tralised Control of Electric Generating Plants,” for 
both Calgary Power Ltd. and B.C. Electric (repre- 
sented by the two authors) have built up their systems 
on the basis of remote control of power stations and 
substations from a centralised control point. Striking 
economies are made in personnel, and the operating 
staff find the work more interesting and responsible. 
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Operation is also more efficient, as the load dispatcher 
is able to view conditions on the electrical system as 
a whole and take immediate action. Hydraulic control 
can also be co-ordinated to make the most efficient 
use of water, and in some instances centralised controi 
makes it possible to construct plants that could not 
otherwise be justified. 

The application of centralised control to the two 
supply systems concerned is then described, and 
striking figures are given of the savings that have 
accrued. 


Evaluation of Hydro-Electric Capacity 

Certain other papers describing particular power 
systems are more concerned with the evaluation of 
hydro-electric capacity than with the integration of 
alternative forms of power, and one or two papers 
go into this question analytically. The two American 
papers within this section are both written from this 
standpoint as it affects the design of multi-purpose 
projects. The paper “Modern Hydro-Electric Poten- 
tial Evaluation” by E. G. Nielson gives a full account 
of the planning methods of the U.S. Bureau of 
Reclamation, and “Water Resource Development in 
the Hells Canyon Reach of Snake River” by F. R. 
McCormick and F. C. Harvey, gives a similar account 
in the case of the Idaho Power Company. Neither 
paper can justly be summarised but should be read 
in full. 

Three papers from Eastern Europe are concerned 
more with the analytical investigation of hydro- 
electric capacity. Typical of these is “Application of 
Sequential Analysis to Economic Evaluation of In- 
stalled Capacity by Hydro-Electric Plants” by T. 
Biernacki of Gdansk Technical University, Poland. 
The author outlines the method of sequential analysis 
introduced and published by A. Wald, and applies 
it to the evaluation of the available capacity of hydro- 
electric plant. An actual storage-type station is taken 
as an illustrative example and the results discussed. 

A paper from Yugoslavia “Puissance Installée 
d’une Centrale Hydraulique et le Degré d’Utilisation 
de Ressources Hydroénergétiques” by Dr. Ing. H. 
Pozar also approaches the subject analytically, fol- 
lowing a method based on a comparison with thermal] 
plants, taking into account the annual water distribu- 
tion, the storage volume, and the costs of construction 
of the hydro plant. 

The third analytical paper comes from Russia and 
is entitled “Economic Grounds for the Availability of 
Hydro-Electric Station Capacity” by Dr. M. P. Feld- 
man; it takes as its criterion the minimum of total 
production cost. 

In one important paper the subject of hydro-elec- 
tric resources is discussed from the wider viewpoint 
of power tendencies in western Europe; it was contri- 
buted by Dott. Ing. C. Marcello of Societa Edison and 
is entitled “Tendances et Perspectives de la Produc- 
tion d’Energie Hydroélectrique dans l’Europe Occi- 
dentale.” Dr. Marcello commences by quoting esti- 
mates of world resources. Known fuel resources of the 
world are considered to be equivalent to 27.000 
million GWh. and hydro-electric resources, based on 
average annual flows, are assessed at 4 million GWh 
per annum, whereas world annual consumption is 
expected to be 60 million GWh in 1975 and 160 
million GWh in 2000. The last-mentioned figure is 
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equivalent to roughly 1/200" of the known reserves, so 
that future prospects would be serious were it not for 
the development of nuclear energy, known resources 
of which are estimated to be equivalent to 182,000 
million GWh. 

The author then turns his attention to western 
Europe, where it is estimated that by 1975 the produc- 
tion of electric power in the OEEC countries will be 
of the order of 1,300,000 GWh. A study of load curves 
shows that about 25% of the power produced is peak 
energy. According to latest estimates the hydro-elec- 
tric resources that can be economically developed 
within the OEEC area amount to 533,000 GWh, and 
little more than one fourth of this had been developed 
by 1955. Some of this, of course, is run-of-river power 
and is therefore not available for peaking, but much 
of it is amenable to at least daily regulation. Even so, 
hydro power will not be sufficient to carry the whole 
of the peak load and it will have to be supplemented 
by therma! power, either directly or through the inter- 
mediary of pumped storage. The present trend in 
European hydro-electric practice, therefore, is to 
develop storage capacity to the utmost. 


Pumped Storage and Development in Turbines 

The growing necessity for pumped-storage schemes 
is the subject of many papers, some dealing with the 
economic aspect and others with the equipment being 
devised to meet an almost infinite number of different 
conditions. In their paper on “The Economics and 
Design of tne Blaenau Ffestiniog Pumped-Storage 
Scheme,” E. S. Booth of the Central Electricity Gener- 
ating Board and Geoffrey Kennedy of Kennedy & 
Donkin deal with both these aspects specifically as 
applied to Ffestiniog. Full details are given of the 
criteria on which the economic assessment is based. 
having in mind that the pumped-storage scheme has 
necessarily to be integrated into a generating system 
based predominantly on coal-fired stations. A com- 
parison is made of the differential costs incurred with 
a hydro scheme and a new thermal station of equi- 
valent capacity, estiinates being given of the capital 
cost in each case and of the annual fixed and running 
costs of the two alternatives. The superior economics 
of the pumped-storage scheme are shown to be mainly 
due to the lower capital charges and also to the 
savings whick accrue from the ability to replace coal- 
fired plant for emergency duty. 

Reversible pump turbines were considered for this 
job, but although the capital cost was somewhat less 
than the conventional arrangement with separate 
pumps, it was thought that any saving would be offset 
by the less-efficient performance. Moreover some 
doubt was felt about adopting the pump-turbine 
arrangement at the present state of experience, especi- 
ally in a major station operating on such a high head. 
The pipelines are designed for the full dynamic and 
pump shut-off heads of 1,325 ft. 

Very full particulars are given of the topographical 
and geological features and special emphasis is given 
to the problems involved in the hydraulic design, both 
in regard to the aqueduct system, the dam intake, 
and the discharge phenomena in the lower reservoir. 

Another paper dealing with the same subject, but 
referring to a plant on a very different scale, is that 
presented by M. Ward on “The Economics of the 
Ontario Hydro Pumped-Storage Project.” Here a 
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plant is being considered which, comparatively speak- 
ing, Operates on a low head and has immense quan- 
tities of water available. The Niagara—an upper 
extension of the St. Lawrence—drains lakes Erie, 
Huron, Michigan and Superior into Lake Ontario, 
between which the difference in level amounts to 326 
ft. Of this 160 ft. is concentrated at Niagara Falls, 
50 ft. in the one-mile rapids section immediately 
above the Falls and 96 ft. in the rapids section, six 
miles long, below the Falls. The flow is remarkably 
regular, being equalised by the immense storage cap- 
acity of the upper lakes, which have a surface area 
of over 87,000 sq. miles. Roughly speaking the power 
potential outflow is divided equally between Canada 
and the United States, with the overriding provision 
that sufficient water should at all times be allowed 
to flow over the Falls to provide its famous scenic 
spectacle, especially during the hours of daylight in 
the holiday season. These conditions complicate the 
power generating problem and a further complication 
is involved by the rapid variations in flow which can 
take place as a result of wind effects, which cause the 
waters of the upper Great Lake system to pile up to 
cause increased spill over the Falls or to retard the 
spill by heaping up the waters away from the outflow. 
The variations can take place very suddenly and it 
was considered desirable to install a pumped-storage 
system to assist in giving a more satisfactory overall 
result. The storage reservoir is really an extension of 
the forebay and has a capacity of 15,000 acre ft. The 
installation comprises six reversible pump/turbine 
units (Deriaz type) and this has enabled four 76:5 
MW generating units to be added to the plant in the 
main Sir Adam Beck power house. It is estimated 
that the net annual savings amount to about $2-4 
million per annum as compared with using thermal 
power to obtain similar results. 

As is appropriate, the Deriaz pump/turbine runner 
is discussed by P. Deriaz himself, in conjunction with 
J. G. Warnock, also of the English Electric organisa- 
tion. The title of their paper is “Economic Advan- 
tages of Variable Pitch Runners for Water Turbine 
Pumps.” The Deriaz runner not only permits the head 
at which axial-flow pump/turbines (Kaplan type) can 
operate to be greatly increased but also allows the 
same favourable efficiency characteristics to be pre- 
served. Furthermore, the inclined position of the blade 
axis permits a wide choice in the blade shape, balance 
and consequent general performance of the machine. 
Thus for operating at best efficiency, the discharge 
increases with increasing head and the pump is cap- 
able of a relatively greater discharge at the upper 
limits of the storage level than is possible from a 
conventional centrifugal pump. Much of the paper is 
devoted to the details of design, both in general terms 
and in special relation to the conditions which exist 
on the Niagara river. The paper leaves no doubt that 
this development, which represents one of the most 
important advances in design in recent years, will be 
of great assistance in forwarding the economic pros- 
pects of hydro-electric sites which are subject to wide 
variations in head and flow. 

A further paper which considers the economics of 
pumped storage is that of J. Lavanchy of Winterthur. 
It is entitled “Simplification des Installations d’Accu- 
mulation Hydraulique 4 Hautes Pressions par I’Utili- 
sation de Machines Réversibles.” As will be gathered. 
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high-head plants alone are considered and the pump- 
ing duty is undertaken by multi-stage centrifugal 
units. The author emphasises the growing importance 
that pumped-storage stations are assuming in the pro- 
duction of economic power, especially when they can 
be conveniently linked with a suitable distribution 
network. There is a need, he argues, to simplify these 
plants as much as possible and this has been done 
for the lower-head plants by the reversible pump/tur- 
bine runner. For the higher ranges of head, however. 
a multi-stage pumping unit is necessary and in the 
majority of cases will give very favourable results 
indeed. He stresses the need for each project to be 
carefully examined in detail if the most economical 
solution is to be found. 

An interesting application of pumped storage is in 
process of development in the island of Majorca, and 
is discussed in a paper “Utilisation Optima des Res- 
sources Energétiques d’une Ile Pauvre en Combus- 
tibles” by J. M. de G. y Jacome and M. P. Fortuny. 
Majorca is a predominantly agricultural and touristic 
island with scanty power resources. The only indi- 
genous fuel is lignite of very variable quality, and 
there is no sizable watercourse in the whole of the 
island. Nevertheless there is a mountain chain rising 
to 1,500 m. and although the rainfall at the feet of 
the mountains is very low the precipitation in the 
peaks rises to 1,000—1,500 mm. per annum. A series of 
high-level reservoirs is therefore being constructed to 
feed a number of power stations, some of which will 
be of the pumped-storage type, the final discharge 
from these stations being used to the full for agricul- 
ture and domestic water supply. The highest storage 
will be afforded by Cuber reservoir at a level of 746 
m. which will feed a pumped-storage station discharg- 
ing to Aumedra reservoir at 288 m. Two normal 
stations will be built below Aumedra. A second high- 
level reservoir will be situated at Gorch (623 m.) but 
to avoid loss of this water to the sea, as would occur 
if this head were developed directly, the whole of 
the make at Gorch will be pumped to Cuber reser- 
voir. A third reservoir at Ofre (702 m.) and a fourth 
at Orient at a lower level of 433 m. will each feed an 
independent station. Finally a pumped-storage reser- 
voir at a level of 635 m. is to be constructed to be 
supplied with sea water from an _ underground 
pumped-storage station. 

Another important advance in design which has 
taken place in recent years refers to the reversible 
pump/turbine, which rotates in one direction but can 
be operated either as a turbine to produce power or 
as a pump to raise water to a higher level. This rela- 
tively new advance is discussed by W. J. Rheingans. 
Manager of the Hydraulic Department, Allis-Chal- 
mers Manufacturing Company, in a paper entitled 
“New Developments in Design and Construction of 
Hydraulic Turbines” in which reference is also made 
to improvements in other types of runner, either in 
their design or the methods used in their manufacture 
The reversible pump/turbine combination makes a 
very compact unit that can be installed much more 
cheaply in the power-house structure, and has pro- 
vided a distinct incentive to pumped-storage schemes 
where suitable heads are to be found. Reference is 
made to recent installations in the United States of 
America. Recent installations of four-jet impulse 
wheels at Kemano have revived interest in this type 
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of runner which not only gives a very flat efficiency 
curve over a wide range of load but has the added 
advantage of being easy to maintain. Other advances 
in technique discussed by Mr. Rheingans include the 
fabrication of runners, spiral casings, stayrings, etc., 
by welding, and the extent to which rotary valves are 
replacing the butterfly and Johnson types of valve for 
flow control. He refers also to a dynamic balancer 
which the Allis-Chalmers concern have developed and 
which is stated to have a capacity of 250,000 Ib. 

Although the bulk of electrical energy (88%) in 
Czechoslovakia is generated by thermal means the 
remaining 12%, which is generated by water power, 
has proved to be invaluable in covering the highest 
peaks of the daily load, leaving the base load and 
the lower portion of the peaks to be met by thermal 
power, thus improving the overall economy of the 
system as a whole to a very substantial degree. The 
paper entitled “The Technical and Economic Aspects 
of Recent Develepment of Hydraulic Turbines in 
Czechoslovakia” by Ing. V. Kopecky deals with the 
situation in that country in admirable detail. The fact 
that the hydraulic turbines may be required to deliver 
maximum output when working on minimum head, 
in order that the “guaranteed output” may be main- 
tained, has led the Czechoslovakian authorities to 
give special attention to designing turbines with high 
efficiencies over a wide range of loads and to have 
them in absolute readiness when they are required 
to take over. A number of Kaplan-turbines have been 
installed in recent years ranging from 8 to 23 MW per 
unit at flows of between 70 to 130 cu. m. per sec. 
Bulb-type designs. having efficiences of 9394, are now 
used for low heads and are entirely replacing geared 
units. Satisfactory operation has been experienced 
with Kaplan machines working on heads of 50 to 
70 m. but care has to be taken against cavitation, due 
to heavy turbulence under certain parts of the blades 
and to gap cavitation. Built-up welding is used against 
cavitation and the guide blades are rubber sealed. 
An inductive pick up is used for controlling the oil 
film for the main suspension bearing, and another 
interesting feature is that an electrical braking system 
has been devised. Automatic operation has been 
widely introduced with the result that the economy 
and readiness of the hydro plants have been promoted 
to a very high degree. Work is being done on 
diagonal-flow turbines. 

Tubular turbines are gradually increasing in num- 
ber and have enabled power sites to be exploited thai 
would not have been considered economic with a 
normally arranged hydro-electric plant. As stated in 
his paper “Development of the Tubular Turbine with 
Reference to Economical Production of Hydro-Elec- 
tric Power” A. Pfenninger, of Escher Wyss Ltd., 
speaks of the great amount of research work that has 
been done in recent years to reduce the weight of 
bulb and tubular units and increase their efficiency. 
These types of unit open up entirely new prospects 
for low-head falls and power from the tides. Mr. 
Pfenninger traces the development of the tubular 
turbine since its first introduction in 1936. Efficiencies 
have been substantially increased and the newer 
arrangements show definite advantages compared 
with the earlier machines. These factors have greatly 
increased the range of conditions to which the units 
can be applied. Indeed, the design work may now be 
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said to be finalised, and what is required now is that 
engineers should have a clearer understanding of the 
value of these units and a better appreciation of the 
conditions in which they can produce well-worth- 
while blocks of power. No less than 70 Escher Wyss 
machines are now in operation on the Lech and Iller 
in Germany alone. 

Water-turbine production in Yugoslavia is treated 
in a paper “L’Histoire de la Production des Turbines 
Hydrauliques en Yougoslavie” by Prof. Ing. A. 
Struna. The author sketches the history of water 
power in Yugoslavia, extending well over 100 years, 
and describes the great advances in water-turbine 
construction in his country during the past ten years. 
The potential hydro-electric capacity in Yugoslavia 
is estimated at a theoretical figure of 66,000 GWh per 
annum, of which 50,000 GWh may be amenable to 
practical deveiopment. 

Tidal power is discussed in a paper “Problémes 
Economiques Pusés par l’Exploitation Optimum 
d’une Usine Marémotrice” by R. Gibrat of Electricité 
de France. M. Gibrat is a well-known authority 
on tidal power, and in our December 1956 issue we 
gave an extended account of the paper he presented 
to the Conference on Energy from the Sea organised 
by La Société Hydrotechnique de France. His World 
Power Conference paper follows somewhat similar 
lines, but is to be warmly recommended as a brilliant 
exposition of the principles of tidal-power develop- 
ment with the aid of the axial-flow turbine/sluice 
valve/pump machine which the French have been 
developing for this purpose. In the latter part of his 
paper the author examines the economic possibilities 
of the Rance scheme. 


Electrical Transmission 

In the section dealing with electrical transmission 
several papers are concerned specifically with trans- 
mission in hydro-electric systems. An _ interesting 
analysis of the problem as it obtains in Brazil is to 
be found in a paper “Some Economic Considerations 
of Long Distance Electric Power Transmission in 
Brazil” by A. W. Huseby. Brazil has hitherto been a 
predominantly agricultural country but is rapidly 
developing industrially at certain well-defined load 
centres. Its power resources, which are abundant, are 
almost entirely hydro-electric, and are so situated that 
long-distance transmission will form an essential part 
of the pattern of supply. Initially lines will have to be 
built 300 to 500 km. long, and later up to 800 km. 

Certain special problems arise in planning a trans- 
mission system in a developing country such as Brazil. 
The route of a transmission line between a hydro 
plant and its load centre must be selected with an eye 
to the future development of the intervening country. 
Again, a line will be related essentially to a particular 
hydro plant and will not, as in highly developed 
countries, form a tie between two centres each of 
which has generating capacity and a demand for load. 
Thus the evaluation of line losses—and consequently 
the choice of conductor sizes—becomes both impor- 
tant and complex, and will be influenced by the 
hydrological characteristics and storage facilities at 
the power site. A further difficulty is that of predict- 
ing future load; for example, the growth of a load 
centre near the power site might completely upset the 
economics of a transmission line. The author illus- 
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trates this last point by a numerical example in which 
he compares tue costs of alternative lines of 1,000 
MW capacity a at 230 kV and 345 kV respectively, and 
shows how the growth of a demand of 200 MW near 
the station would entirely change the economic 
balance. 

In connection with the Bersimis development in 
Quebec a comparative cost study was made for trans- 
mitting 800 MW a distance of 387 miles at four alter- 
native voltages-—230, 287, 345 and 380 kV. The con- 
ditions to be met and the results of the study are 
summarised in a paper “Economics of Transmission 
from Bersimis River Developments” by D. M. Farn- 
ham and J. R. Hango. It was concluded that trans- 
mission capacity would be provided with double- 
circuit lines at 287 kV at less cost and with greater 
reliability than with single-circuit lines at higher 
voltages. 

The design of transmission lines in Finland is dis- 
cussed in a paper “Economic Aspects of the Construc- 
tion of the High Voltage Transmission Lines in Fin- 
land” by L. Haro and B. Magnusson. Seeing that two- 
thirds of Finland’s water-power resources are in the 
northern part of the country whereas the population 
and industrial concentrations are in the centre and 
south, long transmission lines will be inevitable, and 
their construction must be carefully studied to reduce 
their costs te the minimum consistent with safety. 
Mechanical safety is considered to be of more prac- 
tical importance than electrical safety, and a study 





has been made of wind loading, ice loading, and loads 
causea by conductor breakage, with a view to com- 
bining a low facter of safety with avoidance of risk. 
Electrical earthing conditions are very difficult in 
Finland, and a study is made of the economic value 
of earthing wires for conductor protection. A descrip- 
tion is given of a guyed portal tower which is stated 
to possess marked advantages in cost, performance. 
and erection facilities in comparison with the normal 
self-supported tower 

Several othei papers deal with the economics of 
electrical transmission, but as they do not refer, at any 
rate specifically, to the special problems of transmis- 
sion from hydro-electric stations we will merely list 
them for the benefit of interested readers. 

They are as follow: “Selected Operating Voltages, 
Network Connections and Apparatus for the More 
Economic Solution of Transmission and Distribution 
Questions” by Dr. Ing. G. Hameister; “The Influence 
of Electricity Consumption on the Electric Trans- 
mission and Distribution Costs” by F. Petri, S. 
Lalander and C. E. Lind; “Economic Characteristics 
of Long-Distance Electrical Transmission in the 
U.S.S.R.” by A. V. Miroliubov and S. S. Rokotian; 
“Création du Réseau Electriqgue d’Interconnexion 
Unique de I’U.R.S.S., son R6le dans l’Economie 
Nationale et ses Indices Economiques” by Ing. F. D. 
Ivanichtchenko and Ing. K. A. Smirnov; “Economics 
of Extra-High-Voltage Transmission” by J. K. Dillard 
and M. Maxwell. 


Turbo-Pneumatic Comwete ‘Wilestews 


The vibrators illustrated herewith have been de- 
signed to operate at extremely high frequencies in 
order to compact the very dry and specialised mixes 
specified in modern concrete practice. They have been 
developed by S.T.V. Vibratechniques, Paris, in con- 
junction with the Sinex Engineering Company 
Limited of Feltham, Middlesex, and after rigorous 
testing and considerable field experience they are now 
in full production and are regarded as the best 
machines of their kind by the leading contractors in 
France. Holman Brothers Limited, Camborne, Corn- 
wall, have been appointed official distributors for the 
United Kingdom and the Commonwealth for the mar- 
keting of the whole range of Sinex vibrators. This 
means that the Holman selling organisation with its 
widespread branches throughout the United Kingdom 
and the Commonwealth will be able to provide spares 
and servicing to public authorities, contractors and 
builders in their localities as part of a complete com- 
pressed air service. 
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Immersion vibrator. The immersion vibrator con- 
sists of a control handle for coupling to the main air 
supply, a 6 ft. length of hose with a smaller diameter 
central tube, and a vibrator head and working mech- 
anism. This vibrator head consists of only two moving 
parts, a rotor and a sliding vane, within a metal cas- 
ing. These are air cushioned at all times, between two 
flanges mounted on a rigid central spindle, thereby 
reducing wear. The cylindrical rotor is freely mounted 
for sideways and eccentric movement between the 
two flanges, and the sliding vane or “tongue” is situ- 
ated in a machined slot within the body of the central 
spindle which is drilled to take the air inlet supply to 
the sliding vane and the rotor. The sliding vane re- 
ciprocates sideways in this machined slot and acts as 
a valve. 

When air is passed down through the spindle, it 
forces the vane outwards. At the same time air is in- 
jected into the space between the rotor and the spindle 
by means of five ports machined into one side of the 
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Fig. 1. Diagram showing operation of Sinex immersion vibrator 
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vane slot. This displaces the rotor and carries it in an 
eccentric movement round the spindle. Once the epi- 
cyclic movement starts, the vane is forced back into 
the slot restricting the air supply. The air carrying the 
rotor round the spindle is allowed to escape through 
holes in the upper flange and passes along the outer 
tubing to atmosphere from exhaust ports in the con- 
trol handle. 


When air leaves the space between the rotor and the — 


spindle at the escape side, the vane is once more 
pushed out of the slot, compressed air is again in- 
jected through the ports into this area, and the cycle 
starts again. The out-of-balance force produced by 
the displacing of the rotor causes a high frequency 
vibration, i.e., the rotor is eccentrically displaced over 
360°, 18,000 to 20,000 times per minute according to 
the size of vibrator. Four sizes are available and de- 
tails are given in Table I:— 


TABLE I 
Size 
1C 2C 3€ 4C 
Vibrator head Length 15in. 12}in. 144in. 16}in, 
Diameter 1; in. 2 in. 23in. 4tin. 
Length of hose ... ... ... 6 ft. 4 in. all types 
Total weight in lb. ... ... 6 12 22 33 
Free air consumption c.f.m. 
at 100 lb. per sq. in. ... 17:5 29 43 50 
Working pressure, lb. per 
sq. im. ... ... ..- ~»-. 60-100 all types 
Revolutions per minute ... 20,000 21,000 20,000 18,000 
Centrifugal force at maxi- 
mum amplitude in Ib. ... 440 1,100 1,760 3,750 
Maximum amplitude Ys in. tin. tin. yin. 


The whole vibrator is made from nickel alloy steels, 
all parts being hardened and tempered, and the outer 
casing is bored from the solid. The only maintenance 
necessary is to blow a small amount of oil through the 
mechanism after use to prevent rust from moisture 
condensation. 

The External Vibrator. The external vibrator is 
made in two sizes. Details are given in Table II. 

It operates on the same principle as the immersion 
vibrator and is somewhat simpler in design. It is fit- 
ted to brackets by means of an eccentric locking pin, 
these brackets being permanently attached to the shut- 
tering or moulds. The vibrator transmits the vibra- 
tion to the concrete via the bracket and shuttering, It 
can be easily moved from one bracket to another by 
means of the simple locking pin, thereby allowing 
fewer vibrators to operate on large quantities of mat- 
ter. The air supply is coupled direct to the machine 
and the exhaust goes straight to atmosphere. 

All the requirements of the civil engineering indus- 
try in terms of internal vibration are met by the Sinex 
range of immersion vibrators. The smallest size can 
be used where close reinforcement is encountered, 


TABLE II 
Size 1A 
Overall dimensions (including 


“U” bracket and fixing 

OD cok. ks ee, ct eee” SE MIE RS 
Total weights in lb. ..._ ... 11 
Working pressure, lb. per sq. 

cas the ase! Gebr nai 60-100 
Free air consumption, cu. ft. 

per min. at 100 Ib. per sq. 

a ge are 43 
Revolutions per minute 13,500 
Centrifugal force at maximum 

amplitude in Ib. er ae 1,100 
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6% in. x 64 in. x 4 in. 





Fig. 2. Sinex external vibrator 


the largest size being suitable for mass concrete plac- 
ing. 

The range of Sinex external vibrators is more gener- 
ally used where design or production requirements 
preclude the use of immersion vibrators. One of the 
more notable features of the external vibrators is the 
quality of finish that can be obtained. If used correctly 
these machines will produce units that need no hand 
finishing, all surfaces, corners and radii being as good 
as the type of shuttering permits. 

Sinex external vibrator have other applications 
outside the field of concrete compaction. They can be 
used on hoppers and bunkers to ensure a steady flow 
of material and to prevent choking and blockages, and 
they can also be used on vibrating tables, screens, 
grids, etc. 


A Portable Rotary Screw 


Compressor 


The new Atlas Copco Twin-Air Portable Rotary 
Screw Compressor, type PR 7, is powered by an 
8-cylinder air-cooled Deutz diesel engine and delivers 
370 cu. ft. per min. at 100 Ib. per sq. in. The main ele- 
ments are two rotors made with male and female multi- 
start threads respectively. The thrust developed by the 
difference in air pressure between the inlet and the 
outlet is absorbed by groove-type tapered-roller bear- 
ings. The rotors, which are made 
with a clearance between themselves 
and the rotor casing, are located in 
a fixed position relative to each other 
by means of timing gears fitted on 
the outer ends of the rotor shafts. 
The rotors do not require lubrica- 
tion, and as the male element has 
four lobes, whereas the correspond- 
wie ing number of inlets on the female 

; rotor is six, the speed of the male 
rotor is 50% higher. 
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An Atlas Copco ‘Twin-Air’ rotary screw compressor (8,100 cfm) recently installed at the Grdngesberg mine, central Sweden. 


Tested for two years in Arctic Circle iron mines 


THE NEW ‘TWIN-AIR’ 
ROTARY SCREW COMPRESSOR 


At Kiruna, in the arctic circle area of Northern 
Sweden, where the world’s largest underground 
mine is being developed, Atlas Copco rotary 
screw compressors have been running under full 
operating conditions for two years, 


Simple design, easy maintenance 

The Atlas Copco ‘Twin-Air’ rotary screw com- 
pressor is technically simple with few moving parts. 
As there is no metallic contact between the 
compression components, need for overhauls are 
infrequent and little maintenance is necessary. 
High efficiency 

The high efficiency of the rotary screw compression 
system means reduced operating costs, 

Lower installation costs 

The ‘Twin-Air’ rotary screw compressor occupies 
less floor space than most other machines of equal 
capacity. This means marked savings in installation 


costs. Smaller high speed electric motors also con- 
tribute to initial cost saving. 

Less sensitive to impure air 

Free of any metallic contact between compression 
components, the rotary screw machine is less sensi- 
tive to impure air than any other design. 


Oil-free air or gas 

As no lubricant is necessary in the compression 
chamber, the rotary screw compressor delivers 
completely oil-free air or gas. 

Smooth air flow 

The design of the Atlas Copco ‘Twin-Air’ rotary 
screw compressor gi a smooth air flow. No 
‘surging’ or ‘pumping’ characteristics. 

Models up to 16,000 cfm 

The standard range of “Twin-Air’ screw compres- 
sors includes models up to 16,000 cfm for pressures 
up to 115 psi. Also available as vacuum pumps, 





A pair of rotors with inlet and discharge por 
indicated by the dotted lines. 


A COMPLETE RANGE OF 
COMPRESSED AIR EQUIPMENT 


Atlas Copco manufactures portable ane 
stationary compressors, rock-dri!ling equi> 
ment, loaders, pneumatic tools and palit 
spraying equipment. Sold and serviced by 
companies or agents in ninety countie 
throughout the world. 


Atlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to Atlas Copco AB, Stockholm |, Sweden, or Atlas Copco (Great Britain) Limited, Beresford Avenue, Wembley, Middlest™ 
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As the two accurately inter- 
meshing helical rotaries revolve, 
the air in the interlobal spaces is 
forced toward the outlet end of 
the compressor by the slide valve 
action of the intermeshing lobes, 
the lobe of one rotor rolling along 
the groove of the other pushing 
the enclosed air before it. At the 
same time, this action draws air in 
through the inlet port to fill the 
groove behind the meshing point. 
The compression continues until 
the outlet end of the groove 
rotates into line with the outlet 
port in the casing. The compressed 
air is then forced smoothly into 
the outlet port until the inter- 
meshing lobe reaches the end of 
the groove. At this point the next 
groove has already come into line 
with the outlet port, thus ensuring 
pulsation-free air delivery. 

The Twin Air is a two-stage 
screw compressor arranged for 
oil injection. Cooling is effected by oil injection 
during compression. The cooling oil, injected in 
atomised condition, is carried by the air in the form 
of vapour, and during its passage through the rotor 
casing absorbs the major part of the compression heat 
produced. On the delivery side, the air is separated 
by a coarse separator of the cyclone type and then 
passed through a terminal filter so that it becomes 
practically free from oil. The cooling oil is delivered 
by a direct driven gear wheel pump which also en- 
sures lubrication of the bearings and the gearing. On 
the same shafts there is also a small-sized gear wheel 
pump which serves as a drain pump for the terminal 


Canadian Water Resources. The Canadian Depart- 
ment of Northern Affairs and National Resources, 
Water Resources Branch, announces the publication 
of Volume 120 which contains run-off data for the 
climatic years 1954-55 and 1955-56 for the Atlantic 
drainage, comprising the Provinces of New Bruns- 
wick, Nova Scotia and Newfoundland. The data pre- 
sented are the results of the hydrometric operations 
which were carried out in these provinces during the 
period October i, 1954, to September 30, 1956, largely 
by the Water Resources Branch, although the opera- 
tions were facilitated by active co-operation received 
from provincial authorities and from a number of 
private agencies. 

This Paper includes a short description of the 
organisation and scope of operations, an explanation 
of the method of tabulation, and 145 pages of stream- 
flow and water-level data for a number of rivers, 
streams, and lakes in the above drainage. The appen- 
dix contains a reference list of hydrometric records 
for this drainage, a list of available Water Resources 
papers, and an index to the current issue. 

Paper No. 120 is available to the general public at 
a price of $1-50 per copy, orders to be forwarded to 
the Director, Water Resources Branch, Department of 
Northern Affairs and National Resources, Ottawa 4, 
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View of Atlas Copco rotary compressing unit 


filter and returns the oil separated in the latter to the 
system. The oil system also incorporates an oil cooler 
with cooling fan. 

The compressor is regulated automatically by a 
governor and a single-stage regulating valve with un- 
loading mechanism. The compressor is equipped with 
a thermostatic safety device which stops the engine 
if the temperature of the outgoing air becomes ex- 
cessive. 

Atlas Copco also produces a larger version, the 
Twin Air PR 8. This machine is similar in design and 
is powered by a 12-cylinder Deutz engine, giving a 
free air delivery of 620 cu. ft. per min. 


Ontario, the accompanying remittance to be in favour 
of the Receiver General of Canada. 


Aluminium Overhead Distribution Lines. Aluminium 
Union Limited have issued an instructive booklet to 
cover all aspects of the use of aluminium for over- 
head transmission lines. Such advantages as high 
strength, good conductivity, lightness, resistance to 
corrosion, are stressed, and other information is con- 
cerned with the types of conductor available, design 
considerations, line calculations, loading conditions, 
sag and tension calculations, erection practice, acces- 
sories, etc. The booklet is fully illustrated and gives 
a great deal of invaluable information in the form of 
tables for easy reference. 


The Tampella Engineering Works, Finland, first be- 
gan manufacturing water turbines in 1855 when they 
made two Jonval machines having an output of 140 
h.p. each. Since then they have manufactured turbines 
to the tune of over two million horsepower, mostly of 
the Kaplan type although Francis turbines are also 
well represented. The firm have issued a handsomely 
produced booklet which gives an impressive account 
of their activities. 
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Spare parts for 


compressors and engines 


interchangeable 
throughout the series 


Atlas Copco now introduce a range of V T 
compressors, all incorporating the major 
changes in design and production that 
made the VT4 so successful. The VT 
series comprises four compressors with 
capacities from 115 to 315 cfm. These new 
machines have taken power/weight ratios 
into a new dimension, being lighter and 
more compact than any other type of 
compressor, piston or rotary, in their class. 


4 


@ All machines are TURBO-COOLED — 100% air- 
cooling—no risk of freezing or overheating 
and they work with equal efficiency anywhere 
in the world. 

@ The VT machines are the result of major 
changes in design and production methods. 
They are the only compressors with the crank- 
case, bellhousing and cylinder ducting in one 
piece welded design. 





@ Basic simplicity eliminates maintenance 
mechanics anywhere can 
service these units; the canopy is completely 
stripped in minutes; loosen three bolts and the 
complete engine-compressor unit lifts out; un- 
screw one nut and all four valves in the low 
pressure cylinder can be removed. 


problems— local 


@ The FUELMISER automatic speed adjuster 
means smooth running and fuel saving of up 
to 25%. 

@ Manhandling on site is a simple operation 
due to the low weight and pivoting nose wheel. 
Torsion bar suspension and built-in lifting eye 
simplify transport problems. 

@ Powered by rugged Deutz 4-stroke air- 
cooled diesel engines, backed by a world-wide 
service organisation. 

@ Both compressors and engines use the same 
type of lubricant. 

@ Fully automatic drain cocks simplify daily 
operation. 





‘PACKAGED POWER’ 


the world’s lightest and smallest 
series of portable compressors- 
piston or rotary! 


115 cfm. 


315 cfm. 


Sttlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local Atlas Copco company or agent or write to: Atlas Copco AB, Stockholm 1, Sweden 
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Dump Truck with Overhung Power Unit 





Eimco Model 850 dump truck fitted with 6 cylinder diesel engine capable of develcping 144 h.p. at 2,000 
revs. per min. 


Eimco (Great Britain) Limited are producing a new 
dump truck capable of carrying 9 cu. yards of mater- 
ial (SAE rating). This is called the Eimco Model 850 
and is powered by a Leyland AU 600/35 six-cylinder 
water-cooled diesel engine capable of developing 144 
h.p. at 2,000 r.p.m. The clutch is of the single-plate 
heavy-duty disc type and is 16 in. in diameter. Trans- 
mission is effected by an independently mounted gear- 
box which is integral with a transfer box driven by a 
propeller shaft from the engine. Speed changes are 
obtained through a constant-mesh gearbox. This 
gives five forward and one reverse speed. There are 
foot-controlled air-operated brakes to all four road 
wheels, and the hand brake operates on the driving 
wheels only. Steering is effected through a 90° swing 
which is obtained in either direction through four 
hydraulic rams. The body is of steel and is of welded 
fabrication throughout. It is heavily reinforced intern- 
ally by rolled steel angles and externally by rolled 
steel channels. Rolled steel angles are also used to 
reinforce the top edges of the body which has a wide 
mouth for ease of loading. The yoke is of heavy-duty 
steel construction using welded fabrication through- 
out. The main chassis consists of rolled steel section 
and is welded throughout. The main chassis carries 
the overhung engine and all ancillaries, including the 
forward-mounted driver’s cab. A cast-steel driving 
axle housing is provided and is rigidly bolted to the 
main chassis. Tyres consist of 14-00 x 24 x 20 ply and 
are interchangeable to all four wheels. Alternatively 
earth-mover-type tyres 14:00 x 24 x 20 ply can be 
fitted. 

Overall dimensions are: length 22 ft. 103 in.; maxi- 
mum width (over tyres) 8 ft. and maximum height 
8 ft.; the height to the dump lip of body is 5 ft. 2 in. 
and to the side of body 7 ft.; the wheel base is 11 ft. 
114 in. and the turning radius 10 ft. 6 in. The five- 
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speed gearbox gives a range of forward speeds from 
3-4 to 30 m.p.h. The 850 dump truck will climb gradi- 
ents of 1 in 4 when fully loaded. Hydraulic steering 
is claimed to give easy control. so eliminating 
operator fatigue. The operator’s comfort has also 
been carefully studied in regard to the seat adjust- 
ment for the forward and back positions and as to 
height and weight. 


Temporary Housing for Contractors. A new prefabri- 
cated hut is now being built by the Ets. Jossermoz at 
Annecy, Haute Savoie. These buildings are specially 
designed to house a mobile labour force on a construc- 
tion site and they provide comfortable accommoda- 
tion for 4 men. Each unit has a 50 litre water tank, 
wash basin, electric lighting with an external mains 
connection, and a Butagas radiator. The huts are 
lavishly equipped with cupboards and drawers; they 
measure 516 x 248 x 250 cm. and weigh about 2 tons. 
The price is approximately 500,000 Fr. francs. 


Protection against Rust. A leaflet received from Ex- 
pandite Limited refers to a product called “Metagalo” 
which is claimed to confer corrosion resistance equiva- 
lent to that obtained by hot-dip galvanising. This pro- 
duct can be applied cold by a brush. 


Hunting Aerosurveys Limited have issued an illus- 
trated folder describing the photographic “mosaics” 
they construct for giving an overall picture of sites for 
the planning of new works. 


Kariba Power Station, Power from the Kariba station 
will be transmitted at 330,000 volts, and the British 
Thomson-Houston Company will supply twenty-five 
330 kV oil circuit-breakers and over one hundred 3- 
phase sets of 330 kV vertical-lift pattern isolators. 
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SANDVIK COROMANT is today’s most widely used 
W hen you see a hole tungsten carbide tipped equipment for rock drilling. 
All over the world you will find Sandvik Coromant 
Drill Steels, Extension Steels and Detachable Bits. 


; ATLAS COPCO, world’s largest company specialising 
think of ‘ 


solely in compressed air equipment, is the sales 
organisation in 90 countries of Sandvik Coromané 
products for rock drilling. For details contact your 


Sandvik Coromant local Atlas Copco Company or Agent, or write to 


Atlas Copco AB, Stockholm 1, Sweden. 





SANDVIK 
| Coromant SOLD THROUGHOUT THE WORLD BY Atlas Copco | 
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Abstracts from the 
World Technical Press 





Energy Production in Switzerland 

The report of the Committee of the “Union des 
Centrales Suisses” on its 1957 financial year, the 62nd 
since its foundation, contains interesting information 
on the production and distribution of electric energy 
in Switzerland. The 1956/57 and 1957/58 hydrologic 
years (October 1 to Match 31) show once more very 
clearly how much Switzerland depends on energy im- 
ports from abroad, and no less clearly that the pro- 
duction in run-of-river plants is closely related to the 
hazards of meteorological conditions. In fact, con- 
sumption is at its peak when production in those 
plants is at its lowest. For instance, following a per- 
sisting drought, the Rhine discharge at Rheinfelden 
sank on February 5, 1958, to 63% of the annual aver- 
age over many years, bringing down the run-of-river 
production at that date to 13:2 million kWh, that is 
to say, hardly 32% of the home consumption. This 
deficiency of 68% had to be covered by releases from 
storage reservoirs, thermal production, and imports. 
Within no more than a week, abundant precipitation 
drastically modified the situation: the Rhine rose so 
rapidly that run-of-river production reached 21-2 mil- 
lion kWh on May 12, covering about 60% of the total 
consumption of the country. The increase of 8 mil- 
lion kWh resulting from improved conditions within 
a few days is equal to the average daily needs of 
Zurich, Bale, Berne, Geneva and Lausanne. With re- 
gard to new installations, the aggregate increases 
given by the 11 plants commissioned in 1957—exclu- 
sive of single generating sets put on the line in un- 
completed plants—are as follow: capacity 167,800 
kW; production 569-6 million kWh (242°8 million 
kWh winter and 326-8 million kWh summer energy); 
reservoir capacity 165-3 million kWh. From the 22 
developments in progress at the beginning of 1958, 
comprising some 30 power stations, the following 
increases are expected: capacity 3,503,800 kW; pro- 
duction 7,384-8 million kWh (4,723-35 + 2,661°45); 
reservoir capacity 3,952 million kWh. A double table 
lists the transmission lines over 100 kW put into ser- 
vice in 1957 or in course of construction at the end 
of 1957, giving their voltage, length, number of three- 
conductor systems, and section and nature of con- 
ductors. Other paragraphs deal with prices and 
tariffs, relevant legislation, personnel recruiting and 
social welfare, public relations and relations with 
connected Swiss and international bodies, (Bulletin 
de I’ Association Suisse des Electriciens, Vol. 49, No. 
18, August 30, 1958, UCS-supplement following p. 
866, 24 pp., 33 ff.) 


The Mael Plant, Norway 
This plant is the last of a chain of power stations 
erected along the course of the Maana River. The 
50,000 h.p. Francis turbine is fed under an average 
head of 47 m. from a reservoir which impounds the 
discharge of the upstream plants and also receives 
the waters of the Maar River. The mean discharge 
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harnessed is 71 cu. m. per sec. and the plant is de- 
signed for a maximum discharge of 93 cu. m. per sec. 
Excavation work for the 41:2 x 14-5 m. underground 
power house and the intake works involved the re- 
moval of 500,000 cu. m. of rock and 215,000 cu. m. 
of sand and gravel. The semi-automatic plant is 
controlled from the upstream Saaheim power station. 
The cross section of the 120 m. long tunnel ensuring 
access to the power house corresponds to the loading 
gauge of the Norwegian Railways, so that equipment 
can be conveyed by rail right to the erection and 
service bay. The main characteristics of the 50,000 
kVA alternator, manufactured in the Milan works 
of Tecnomasio Italiano Brown Boveri are as follow: 
power factor 0-80; rated voltage 10 kV; frequency 50 
c.p.s.; rated speed 150 r.p.m.; runaway speed 300 
r.p.m.; dynamic moment 3,000 tm’. (Rassegna Tec- 
nica Tecnomasio Brown Boveri, Vol. XIX, No. 2, 
April-June 1958, p. 25, 4 pp., 3 ff.} 


Lower Rhone and Languedoc Development 

The foremost purpose of this vast development 
scheme, to be carried into effect by the “Compagnie 
Nationale d’Aménagement de la région du Bas-Rh6ne 
et due Languedoc” is the rehabilitation of the great 
tract of flat country which stretches from the right 
bank of the Rhéne to the Minervoir region, west of 
Narbonne. Irrigation is, of course, the main feature 
of the scheme and the project includes an extensive 
network of canals serving an area of no less than 
some 620,000 acres, which is divided into an eastern 
zone fed by the Rh6éne and a western zone drawing 
its supplies from the Orb River which rises in the 
Cévennes and pours into the Mediterranean Sea south 
of Béziers. No power generation is included in the 
eastern zone, but some of the major works, such as 
the main intake incorporated in the right-bank dyke 
of the Rhéne—to draw a maximum of 75 cu. m. of 
water per second—and the 38,900 h.p. pumping plant 
at Pichegru, present features of special interest to the 
hydro-power engineer. In the western zone, the Orb 
River is characterised by a flow of no more than 500 
litres per second at its lowest, and an abundant dis- 
charge of about 683 million cu. m. in an average year. 
It will however be possible later to regulate the Orb 
discharge by a diversion of 183 million cu. m. in a 
mean year from the Montahut hydro plant of EDF. 
In fact, this plant will not only harness the waters of 
the Jaur, a right-bank tributary of the Orb, but also 
part of the waters diverted from the Agout and Vesbre 
Rivers which, through the Tarn, belong to the Atlan- 
tic watershed. The Orb system offers the further 
advantage of highly suitable sites for dams, thus creat- 
ing balancing reservoirs, so that it will be possible 
to utilise not only the free flow of the Orb and its 
massive flood discharge, but also the additional 
supply from the Tarn basin. A description is given 
of the characteristics of the three main dams, Rieuber- 
lou, on a small tributary of the Orb, Ceps on the Orb 
itself, and Avéne-Ceilhes farther upstream of the Orb. 
Three power plants are to be built by EDF. The 
Rieuberlou dam proper will include no power facili- 
ties, but its intake dam at Lugné, a few hundred 
metres upstream from the Orb-Rieuberlou confluence, 
will create a reservoir from which a power plant, 
operating from a maximum head of 64:5 m. and 
equipped for a maximum discharge of 60 cu. m. per 
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Most efficient — 
because it’s a two-stage compressor 


Most economical-— 
because it’s a Holman 


The Holman T60R stationary compressor uses two-staging — the most practical method of 

air compression — to give the maximum voiume of air for the minimum power. 

Two-staging, a feature possessed by all Holman stationary compressors, does more. It gives even 
torque, economical lubrication, less strain and wear, longer working life. 

Cooling is by a closed-circuit system, pressurised to 4 Ib./sq. in., which makes evaporation 
losses negligible — a major consideration when a constant water supply is doubtful — and 
obviates external pipework. 

The Holman T60R, like all Holman equipment, is built to /ast. And it’s designed to cut down 
running cost — the real cost of compressed air equipment. 

That’s why engineers all over the world say that for sheer efficiency and economy in operation, 
you can’t beat a Holman. 








olma PAYS... WITH ITS LIFE 


PNEUMATIC EQUIPMENT 


HOLMAN BROS. LIMITED, CAMBORNE, ENGLAND 
A company in the Holman Group which has branches, 


technical representatives and agents throughout the United Kingdom and the world. 
Telephone: Camborne 2275 (10 lines). Telegrams: Airdrill, Telex, Camborne. London Office: 44 Brook Street, W.1. Telephone: HY De Park 9444 


F.A.D. 525 cu. ft. min. 
at 100 Ib. per sq. in. 
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sec., is to produce 78 million kWh in an average year. 
At Ceilhe-Avéne, a plant erected either at the toe of 
the dam or at the upstream tip of the backwater of 
the existing downstream plant on the Truscas, will 
harness the waters of the Orb at a maximum head 
of 86 m., the equipment being designed for a maxi- 
mum discharge of 17 cu. m. per sec. and an average 
yearly production of at least 19 million kWh. The 
third plant, to be erected at the outlet of the Reals 
cross-valley, will be fed trom the irrigation trunk 
canal which runs parallel to the river over a length 
of 10 km. and, at that spot, 38 m. above it. The irriga- 
tion canal is required as such from April to the end 
of September only so that, during the remaining 
months of the year, it can act as a power canal to a 
run-of-river plant operating from the maximum head 
of 38 m., equipped for a discharge of 38-5 cu. m. per 
sec. and a production of 42 million kWh of precious 
winter energy. Construction work was scheduled to be- 
gin before the end of last year on the Lugné dam and, 
it is hoped, in 1959 on one of the storage dams. (M. 
Bauzil, Ingénieur en Chef des Ponts-et-Chaussées, 
Mémoires et Travaux de la Société Hydrotechnique 
de France, Vol. 1, 1958, issued as a supplement to 
No. A/1958 of La Houille Blanche, p. 34, 21 pp., 9 ff.) 





The Vitava Hydro System 

This article which, surprisingly enough, appears in 
a ladies’ quarterly, gives some interesting details of 
this great scheme, which will comprise a chain of ten 
plants between the head of the Vitava River and 
Prague. Lipno, the uppermost plant of the chain, will 
be fed by a reservoir, 42 miles long, sited over 2,500 
ft. above sea level on the slopes of the Bohemian 
Forest, quite close to the Austrian border. The dam is 
now completed and impounding was scheduled to be 
concluded by the end of 1958. Work is proceeding at 
full speed, 550 ft. below the surface, on the excavation 
for an underground power station to be fed by two 
vertical shafts; a tailrace tunnel will return the water 
to the river two miles farther downstream. About half- 
way between Lipno and the tail plant of the chain, 
Vrané, construction work on the Orlik dam is in full 
swing; here, the river will rise so as practically to sur- 
round the rock which carries the ancient Orlik castle, 
and extensive grouting had to be carried out to ensure 
the stability of the castle. No particulars are given on 
the three plants which will utilise suitable gradients 
between Lipno and Orlik; work appears, however, to 
be in progress on one or two of them. The three down- 
stream plants at Slapy, Stéchovice and Vrané have 
already been some time in operation and contribute to 
the supply of peak capacity for the city of Prague and 
its neighbourhood. (Anna Tutkova, The Czecho- 
slovak Woman, English Edition, No. 3, September 
1958, p. 7, 4 pp., 7 ff.) 


New World Tunnelling Record 

The 80 ft. a day tunnelling record through the 10 ft. 
diameter Glen Almond tunnel of the North of Scot- 
land Hydro Board has recently been exceeded on a 
similarly hard rock job in New York City’s 44 mile 
West Delaware tunnel. Of the two contractor com- 
bines involved, Drake-Grafe-Winston-Tecon-Conduit, 
holders of four of the five contracts for an aggregate 
length of 39 miles, and MacLean-Grove Brewster, it 
is the former that claims the new record of 83 ft. 
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daily advance over a week, while the latter did not 
remain far behind, reaching a 80 ft. daily advance. 
The diameter of the tunnel is 134 ft. The most im- 
portant of the many factors which entered into this 
fast work is the use of “burn holes” or “burn cuts” 
ir. the drilling pattern by both contractors, but while 
the Drake group are employing twin 5 in. diameter 
burn holes in the current headings from shafts 2 and 
3, the MGB combine started right away using a single 
8 in. diameter burn hole in its two headings from 
shaft 4. It is interesting to note that both contractors 
have achieved the same advance per round and aver- 
age daily advance per heading, 11 ft. and 65 ft. re- 
spectively. The burn-cut method, frequently applied 
in mining, had never been given much of a trial in 
tunnelling work until the West Delaware job, and it 
is now believed that burn holes will become standard 
practice in hard rock tunnelling. The advantage of 
the burn holes, which form a hollow core in the drill 
pattern and are left unloaded, is that they provide 
relief for the exploding dynamite in the 1-75 in. dia- 
meter horizontal blast holes in the rest of the pattern. 
(Engineering News-Record, June 26, 1958, p. 28, 4 
pp., 7 ff.) 


Flow Studies 

The purpose of this short note on hydraulic flow 
through a permeable medium is to give an insight 
into the condition of parabolic flow and to furnish a 
satisfying proof of the validity of the formula Q= 

y 

ky dx 
arising out of the usual explanations given in engin- 
eering treatises to be dispelled. Following an intro- 
ductory section on fundamentals, the author leads 
with the essential properties of confocal parabolae to 
prepare the ground for the final section, in which he 
states how the problem of parabolic flow confronted 
him and what prompted him to search for a satis- 
factory solution giving a complete analysis of the 
flow. (V. B. Manerikar, /rrigation and Power, Vol. 
15, No. 2, April 1958, p. 232, 5 pp., 2 ff.) 


2ka, so as to enable any erroneous notions 


Pressure Distribution under Dams 

This paper deals with the observations and results 
of a detailed survey carried out to investigate the dis- 
tribution of pressures under a floor by means of the 
electrical analogy method. An impervious layer has 
been assumed to be at different depths below the floor 
and the effect of the depth determined for both cases 
of symmetrical position, i.e., when it is parallel to the 
river bed, and when it is in an asymmetrical position, 
i.e., when the layer is sloping. Pressure curves for the 
effect of stratified foundations have been determined 
for design purpose. (S. D. L. Luthra, /rrigation and 
Power, Vol. 15, No. 2, April 1958, p. 199, 13 pp.. 
7 ff.) 


African Projects 

A general survey is given of the schemes now plan- 
ned or in course of execution all over the African 
continent. A map shows the sites of the developments, 
which are briefly described. A large-scale develop- 
ment is planned in French Equatorial Africa on the 
Middle Congo in the deep, narrow Sounda gorge, 
with a capacity equal to Kariba’s at its ultimate 
stage. Near by, at Inga, Belgium intends to proceed 
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with the initial stages of the greatest hydro-electric 
scheme in the world, which is expected to attract 
major industries to the Lower Congo. An estimated 
$3,000 million will be needed for the total realisation 
of the scheme over a period of 30 years. (Robert C. 
Keith, /ndian Journal of Power and River Valley 
Development, Vol. VIII, No. 6, June 1958, p. 1, 5 pp., 
4 ff.) 

Note: Articles on the St. Lawrence Seaway Pro- 
ject (p. 24) and Kariba (p. 309) are also included in 
the above mentioned issue. 


South Saskatchewan River Dam 

A short note is given on this gigantic project, 
second in size and importance only to the St. Law- 
rence Scheme. A Federal Provincial agreement has 
just been signed after years of discussion and study. 
This multipurpose venture will require, between the 
towns of Elbow and Outlook on the Saskat- 
chewan River, the construction of an earth dam 
205 ft. high, 16,700 ft. long, and will have a volume 
of 40 million cu. yards. The installed capacity of the 
power house to be associated with the dam is yet to 
be determined by the place the project will fill in an 
integrated steam-hydro system which the Province is 
planning. An auxiliary earth dam, 135 ft. high, 6,700 
ft. long, 5:3 million cu. yards in volume, will prevent 
the escape of waters impounded by the main dam. 
The annual output of the power facilities is assessed 
at 475 million kWh, of which 100 million kWh will 
be used for irrigation pumping alone. (The Engineer- 
ing Journal, Vol. 41, No. 9, September 1958, p. 105.) 


The St. Lawrence Project 

This special issue of the undermentioned journal 
is devoted in its technical part exclusively to this pro- 
ject. The following papers are appended to an edi- 
torial reviewing the 1954-1958 construction period: 
“The St. Lawrence Seaway—Planning and Construct- 
ing the Lachine Section,” by L. H. Burpee; “Soil 
and Foundation Problems—St. Lawrence Seaway,” 
by F. L. Peckover and T. G. Tustin; “St. Lawrence 
River Diversion by a Rockfill Cofferdam,” by J. V. 
Danys; “Electrical Features of the Robert H. Saun- 
ders—St. Lawrence Generating Station,” by R. M. Ful- 
lerton; “Features of the St. Lawrence Transformer 
Station,” by A. Matheson; “The Design of 230 kV 
Transmission Lines for the St. Lawrence Power Pro- 
ject,” by N. J. McMurtrie; “Development of Great 
Lakes Harbours,” by Maj.-Gen. H. A. Young. (The 
Engineering Journal, Vol. 41, No. 9, September 1958, 
p. 51, 50 pp., 60 ff.) 


Lighting at Imst Power Station 

This short article describes the interesting manner 
in which the problem of lighting was solved at the 
above underground power house of the Inn River 
development. Access to the 51 x 14°5 m. machine hall 
is through a 28 m. long tunnel, adequately provided 
with artificial lighting. Between the access tunnel and 
the generating sets, there is an erection bay 15 x 14 m. 
The west wall of the cavern, seen from its entrance, is 
concealed by six sham windows, 4°15 x 5:6 m., along 
the space occupied by the generating sets and another 
three, 4-75 x 2.85 m., along the erection bay. Lighting 
is by means of white fluorescent light exclusively, 
provided by 40 W tubular lamps mounted in angular 


40 


reflectors and fitted on to the wall of the cavern at the 
rate of twelve four-lamp horizontal strips along the 
generating sets, and eleven four-lamp strips along the 
erection bay. The higher specific luminous flux be- 
hind the smaller windows was adopted with a view 
to ensuring a perfectly adequate lighting of the erec- 
tion bay. Lamps can be easily replaced, when re- 
quired, by means of a travelling ladder sliding on a 
rail fixed on the ceiling between the actual wall and 
the sham windows. The four hundred and twenty 
40 W lamps are distributed among seven a.c. circuits, 
and are switched on and off in two equal groups. 
Perfect uniformity of lighting can also be attained 
with a single group “on.” Altogether lighting is so 
uniform throughout the whole surface of the sham- 
window partition that the tubular lamps behind it are 
perfectly invisible. (Dipl. Ing. K. Mohr, OZE, Oester- 
reichische Zeitschrift fiir Elektrizitdtswirtschaft, Vol. 
ll, No. 8, August 1958, pp. 11/12 of supplement 
“Licht und Beleuchtung” (Light and Lighting), 2 ff.) 


Hydraulic Jump Studies 

From the designer’s standpoint, when dealing with 
weirs, spillways and other flood-control structures, 
two cardinal points are involved in the application of 
the hydraulic jump theory—energy dissipation and 
scouring. The designer’s aim is therefore to create 
conditions fostering the occurrence of the former 
phenomenon while, at the same time, restricting the 
erosive effects to a zone of impervious floor in which 
intensive scour energy can cause no harm. The first 
part of this paper deals with the conditions to be 
achieved in practice in order to obtain the right type 
and intensity of standing wave, the essence of ail the 
factors to be taken into account being contained in 
Froude’s number. The second part is devoted to the 
length of the hydraulic jump, that is to say, to the 
length of downstream floor to be provided so as to 
reduce scouring to a minimum. The paper concludes 
with brief considerations on the turbulence-checking 
capacity of Rehbock’s dentated sill. (H. D. Sharma, 
Indian Journal of Power and River Valley Develop- 
ment, Vol. VIII, No. 4, April 1958, p. 13, 3 pp.. 1 
graph.) 


New Main River Station 

This article describes the Dettelbach plant, the 25th 
of a chain of 28 hydro-plants which the Rhein-Main- 
Donau A.G., Munich, is building in connection with 
the development of the Main River. The two Kaplan 
generating sets, with an installed capacity of 4,200 
kW, will raise the production of the RMD plants 
on the Main River to 429 million kWh a year. 
(Schweizerische Bauzeitung, Vol. 76, No. 41, October 
11, 1958, p. 613.) 





CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month’s issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted a: £2 10s. Od. per 
column inch. 








PROF. SCHLAG, University of Liege (Belgium), seeks 
November 1951 issue of WATER POWER to complete his 
collection. 
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ONE OF SIX 18 FT. DIAMETER BUTTERFLY VALVES 


FOR THE WARSAK HYDRO-ELECTRIC PROJECT 
GOVERNMENT OF WEST PAKISTAN 


DESIGNED AND MANUFACTURED BY 


DOMINION ENGINEERING 


COMPANY LIMITED, MONTREAL 
P.O. BOX 220, MONTREAL, CANADA, CABLE: DOMWORKS 
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Merz & McLellan and Rendel, Palmer & Tritton 





Consulting Engineers : 





Authority : Central Electricity Generating Board, Midlands Project Group. 


ABERTHAW POWER STATION 


Our photographs show the various stages in construction of the Intake Caisson 
which, together with four ten foot diameter tunnels and an 80 ft. deep pumphouse, 
forms the circulating water system for the Aberthaw Power Station. The Caisson, 
which is 95 feet in diameter, 65 feet high and weighs 3,500 tons, was constructed 
on shore and later towed out and sunk onto previously prepared landing pads in 
the Bristol Channel approximately half a mile off the Welsh coast. 










The Spring tides range in the Aberthaw area is 34 feet and the current 
approximately 4 knots. 







The contract for this work was placed on the 2nd September, 1957 and the 
Caisson was towed out and sunk on the 18th July, 1958. 







EDMUND NUTRALL 


CIVIL ENGINEERING CONTRACTORS 











EDMUND NUTTALL, SONS & CO. (LONDON) LTD., 22 GROSVENOR GARDENS, LONDON S.W.1. TELEPHONE: SLOANE 0036 
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In the past few years 
we have manufactured and 
erected pipe-lines and 
tunnel reinforcements for the 
following hydraulic schemes: 
Moyopampa (Peru) 
Calancasca (Switzerland) 
Kaftoun (Lybanon) 
Chatelot (Switzerland) 
Patla (Mexico) The following are 
Cavergno (Maggia, Switzerland) still in execution: 
Zongo (Belgian Congo) Kiymbi (Belgian Congo) 
Safien (Switzerland) Pontirone (Switzerland) 
Vissoie (Switzerland) Gédschenen (Switzerland) 
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1,200,000 HORSEPOWER AT S. MORGAN SMITH 


This view of the assembly floor at SMS Plant #2 shows six (6) turbine scrolls* The T-1 scrolls for Brownlee — the first 
and other components under construction at one time. They represent over plant of the Hells Canyon group on the 
1,200,000 H.P. for the U. S. and South America. As identified by number, Snake River — are the first usage in the hy- 
they are: draulic turbine industry of this new alloy 
SCROLL for field welded scrolls. Swift Creek also has 

ecamneenensenananaeesnge T-1 scrolls, which are shop welded. 
1* & 2* Idaho Power Co. Brownlee 144,000 ’ | 18’ T-1 Welded : 
3* & 4* C.E.M.L.G., Brazil Itutinga 2 20,000 ‘| 13° Riveted Whatever your needs in hydraulic turbines 
5* Pacific Pr. & Lt.Co. | Swift #1 100,000 11’ T-1 Welded and accessories, SMS offers you over three- 
6* Montana Power Co. | Cochrane 42,000 22’ Welded quarters of a century’s experience in design, 
7 (Runner) Portland Pelton 52,200 ’ | 15%’ Riveted engineering and manufacturing, plus the 
Gen. Elect. Co. most modern hydraulics testing laboratory 


8 (D.T. Liner) Pacific | Butt Valley 52,000 914’ Welded available. For full information, write to 
Gas & Elect. Co. S. Morgan Smith Company, York, Pa. 


HYDRODYNAMICS 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


Rotovaives * Ball Valves * R-S Butterfly Valves + Free-Discharge Valves * Liquid Heaters * Pumps * Hydraulic Turbines & Accessories 


Licensees : The Harland Engineering Company, Ltd., Alloa,Scotland ° Tokyo Shibaura Electric Co., Ltd., Japan 
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Electrical apparatus 






® 
aN A 


for low, medium and 
high voltage up to 380 kV 
€ 


Control switchboards 


and control desks — Wi A G | I ba i 


: S.p.A. 


Indoor and outdoor 
" EXPORT SALES, HEAD OFFICE AND WORKS— 
metal clad switchgear 


. BERGAMO citaty) - VIAL. MAGRINI, 7 - PHONE 22.168 


Lightning arresters SALES AGENTS IN ITALY AND ABROAD 








A LEFFEL TURBINE 
IS A TITAN OF QUALITY 








The technical know-how, skilled personnel, use of the 
finest materials available, and rigid standards of quality 
control closely adhered to in the modern plant of The 
James Leffel & Company, enable Leffel to produce the 
ultimate in rugged, efficient turbines of the highest quality. 

Leffel’s experience is derived from almost a hundred 
years of designing and building turbines of all types. 
The records show that many Leffel turbines have devel- 
oped efficient, low cost, trouble-free power for more than 


half a century. 


THE JAMES LEFFEL & CO. 


EFFICIENT HYDRAULIC 
POR we YEARS 


MORE 
POWER 









FREE LITERATURE 1105£: 

THE JAMES LEFFEL & COMPANY : 
DEPT. W, SPRINGFIELD, OHIO, U.S.A. ° 
C] Please send me more information on Leffel hydraulic turbines. : 
e 

[| Please have your representative call : 
e 

Name . a : 
e 

+ 

a ° 
+ 

Street. —- State he 
. 

e 

. 


SCOOHSSOESSHOSSSSSSSESESSSESSSESHSESHOH SESE EESEHEF 


Leffel produces all types and capacities of hydraulic 
turbines for a range of heads from 3 feet to over 1,000 
feet. And Leffel engineers are available to assist you, at all 
times, from the original planning of your project through 
to the actual installation of the turbine equipment. 

If you’re planning a new project, or the rehabilitation 
or expansion of present facilities, contact Leffel for fast, 
complete service and rugged,top quality turbines. 

Mail the coupon below for complete information about 
the abilities and services of Leffel. 
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The SCARPA & MAGNANO Co. 


have been manufacturing since 1919: 


MINIMUM OIL CONTENT CIRCUIT BREAKERS 
MEDIUM AND HIGH VOLTAGE UP TO 220 KV 
HIGH INTERRUPTING CAPACITY UP TO 4000 MVA 


HINGE AND ROTATING TYPE ISOLATORS 
PANTOGRAPH TYPE DISCONNECTING SWITCHES UP TO 220 KV 


CURRENT AND VOLTAGE METERING TRANSFORMERS 
NON-RESONANT SEALED TYPES UP TO 220 KV 


METAL-CLAD SWITCHGEAR FOR OUTDOOR AND INDOOR 
INSTALLATIONS 


CONTROL AND DESK BOARDS 
POWER PLANTS AND SUBSTATION EQUIPMENTS 


UNIT SUBSTATIONS 





HEAVY 


ELECTRICAL PLANT 


hydro-electric generating equipment 
mining and rolling mill machinery 


larze industrial drives 


A-E- I HEAVY PLANT DIVISION 


RUGBY & MANCHESTER, ENGLAND 


A DIVISION OF ASSOCIATED ELECTRICAL INDUSTRIES LTD., incorporating the interests of BTH & M-V 
A 5356 
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Penstocks, pressure shafts linings, 


Substation steel structures 
Gantry and overhead travelling cranes 


Pylons, water gates 


Downstream portion of the Grande Dixence Fionnay Power Station distribution pipe during ten- 
sometric shop tests. Max. wall thickness 52 mm., service pressure 96 at., test pressure |21] at. 


GIOVANOLA  sicniney-swizeran 


WATER POWER January 1959 












ELECTRICAL 
CONTROL 


PENSTOCKS 
VALVES 



































SIZES 
UP TO 


100 sq ft 


Circular 
or 
Rectangular 


with 
HARTLEYS 


“VALECTRIC” 


HEADSTOCKS 








USED BY LEADING 
AUTHORITIES 


including 





C.E.A. « L.€.C. 


LOCAL 
or 
REMOTE 
CONTROL 





} Sb PD 
HARLEYS (2: : 


Phone: Stoke-on-Trent 48627 
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Typical Journal Bearing for 
horizontal Pelton Wheel 
driven Generator. Shaft dia- 
meter 2! inches, R.P.M. 428, 
Journal load 5! tons. 


MICHELL BEARINGS 


The original pivoted pad film lubricated 
bearings. They carry loads with complete 
reliability and efficiency with downright 
simplicity for all Hydro-Electrical installa- 
tions, and for Marine, Mining, Paper- 
Making Machinery and other requirements. 


MICHELL BEARINGS LTD. 


SOUTH BENWELL NEWCASTLE UPON TYNE 5 
Telephone 34279 Telegrams : MICHBEARO, NEWCASTLE 




















A new volume reviewing modern 
progress in water-power schemes 


WATER POWER 
ENGINEERING 


by ROLT HAMMOND, A.c.G.1., A.M.LC.E. 


This important work is planned on a very broad 
basis so that it will appeal equally to practising 
engineers and students. 

The author covers civil, mechanical and electrical 
aspects of his subject; particular attention has been 
given to certain problems of electrical engineering. 

Mr. Hammond has been connected with large water 
power schemes, and is well qualified to discuss the 
practical considerations from the survey of the site, 
through choice of construction and type of turbine, to 
the transmission of the power produced. 

“It is becoming increasingly difficult for a student 
of the subject to keep pace with all the new develop- 
ments, and any review, such as this one which draws 
generously upon the actual achievements of the past 
few years, will find many interested readers.’ THE 


ENGINEER. 


302 pages 73 illustrations 50s. 


From all booksellers or, in case of difficulty order 
direct from the publishers: 
HEYWOOD & COMPANY LTD. 

Drury Hcuse, Russell Street, London, W.C.2. 
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far as the 
eye can't see 


A 212 mile pipeline with Thermoglas Outer Wrap is one 
of the many contracts relying on Anderson protection. 
The basis of Thermoglas protection is a reinforced glass 
fibre tissue impregnated for use with either coal tar enamels 
or asphaltic bitumen. Thermoglas pipeline Outer Wrap has met 
fully the requirements of major contracts both at home 
and overseas with such characteristics as strong adhesion and 
high tensile strength. In widths up to 36 inches to suit 
pipeline diameters, Thermoglas is one of a wide range 
of pipeline wrappings including Bestos Pipe Wrap 
manufactured to suit particular local conditions. 


THERMOGLAS 


Pipeline outer acta ctu 












Full technical information from : 


D. ANDERSON AND SON LIMITED 
STRETFORD - MANCHESTER Telephone : LONgford 4444 OLD FORD - LONDON Telephone: AMHerst 9381 (5 lines) 








Racks and 
Rack Cleaning Machines 


for 


HYDRO-ELECTRIC POWER PLANTS 
WATER PURIFICATION PLANTS 
PUMPING STATIONS 


ENGINEERING WORKS 


JONNERET S. A. 


GENEVA (JUNCTION) SWITZERLAND 
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Turbine Shaft 
of Forged Carbon Steel 
finished weight : 28 tons 
length : 46 feet 
flange dia. : 59 inches 
shaft dia. : 35‘ inches 








Francis Runner 
of 43% Chromium Cast Steel 
integrally cast in one piece 
finished weight : 65 tons 
dia. : 18 feet 
height : 9 feet 













(S OF INTEREST 
to derignens of hydraulic machinery 


For Hydraulic Plants we supply 






Steel Castings: Plain carbon steel 6 Ay } 
up to 400 tons; 13% Cr and other alloyed — 


steel up to 120 tons cast weight. e 
Steel Forgings: Plain carbon and alloyed ACUL, 
steel up to 150 tons ingot weight. 


BV-Vacuum Steel for complicated and fir GuBstahlfabrikation AG. BOCHUM 
highly stressed castings or those Postbox 325, Bochum (Germany) - Telephone 69021 
exposed to cavitation and for Telegrams: Gusstahl - Teleprinter: Gusstahl 0825831 
highly stressed forgings. 
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AT NIAGARA 


Largest reversible pump/turbine 
installation in the world 


All six ‘ENGLISH ELECTRIC’ Deriaz 
variable pitch pump/turbines are 
now in commercial operation at 
Sir Adam Beck-Niagara Pumping- 
Generating Station in Canada. 
Each is rated at 45,500 h.p. as a 
turbine under 83 feet head, and will 
discharge as a pump 4,000 to 5,000 
cubic feet per second under heads 
from 59 to 90 feet. 

These pump/turbines are of a 
new basic design developed by 


‘ENGLISH ELECTRIC’. On test the 
machines have successfully ab- 
sorbed 65,000 h.p. when pumping 
quantities in excess of 6,000 c.f.s. 
against a total dynamic head of 
80 feet. The six pump/turbines 
were supplied to the Hydro-Electric 
Power Commission of Ontario by 
English Electric Canada, a division 
of John Inglis Co. Ltd. and manu- 
factured at Toronto. 


Assembly of one of the reversible 
runner hubs with the main shaft 
assembled and the blades in position. 


‘ENGLISH ELECTRIC 


water turbines 


ENGLISH ELECTRIC Company LimITED, MARCONI House, STRAND, LONDON, W.C-# 
ENGLISH ELECTRIC CAnapDA (A Division OF JOHN INGLIS Co. LTD.) St. CATHARINES, ONTARIO 
Offices and representatives throughout the world 











